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NOTES OF TEN INTRODUCTORY LECTURES 

ON 

ORGANIC CHEMISTRY 

WITH SPECIAL REFERENCE TO 

COAL 


Organic Chemistry may be defined as that branch of chemistry 
which deals with the compounds of carbon. 

The subject is a very great one, and tins may best be under¬ 
stood when it is realised that there are well over one million 
organic or carbon compounds. 

The mother element is carbon ; in itself, carbon is an inert 
substance, and does not react readily. It occurs in three distmct 
types (z e,j three distmct' and different modifications) namely, 
diamond, graphite (crystalbhe),** ancJ clmrcoal (non-crystal- 
line). In the two former modifications, carbon is in a state of 
very great purity. 

In organic compounds^ carbon i^ always--tetravalent, t.^., it 
has four affimties with which it m^ combine with other elements*. 
This question of tlie affinities of an element is a characteristic of 
the element. Hydrogen is monovalent, oxygen divalent, chlo¬ 
rine bromine and iodine monovalent. In other words, carbon 
may combine with four atoms of hydrogen or two atoms of 
^ygen; the following shows the constitution formuloe of me- 


thane, ethane, and carbon dioxide :— 
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Carbon possesses the property in a very high degree of com¬ 
bining with Itself, thus producing compounds of very great 
complexity, which may contain a large number of carbon atoms 
m a molecule. 

The simplest organic compound is — 

Methane Fire Damp or Marsh Gas 

This compound is a gas, and is the mother substance of the 
series of compounds called the saturated hydrocarbons or 
paraffins The second member of this group is ethane (CgHJ 
and the third propane (CgHg), which are aJways found associated 
with naturally occurring methane. 

An examination of the formulae of these compounds shows 
that one member differs from the next higher member by a CH 2 
group, and the increment is constant. Such a series of com¬ 
pounds IS called a homologous series, and one member is said to 
be a homologue of the simplest member of the series. Thus, 
ethane and propane are homologues of methane. 

The followmg table shows the chief members of the series of 
saturated hydrocarbons — 


PARAFFINS —CaHon + o. 




Melting 

Boiling 

Specific 

Formula Nome. 

Point. 

Point. 

Gravit}^. 

CH 4 

Methane 

—^186° 

—164° 

•415atb.p. 

C2H0 

Ethane 

—172° 

—90° 

•446 1 

1 of 

CaHa 

Propane 


—38° 

•536 , 

1 at 

1 0® 

C4H10 

Normal Butane 


+ 1° 

■600 i 

1 'J 


Isobutane , 


-17° 



CflHia 

Normal Pentane 


+ 36° 

•633 1 

' at 


Dimelliylethylmethane or 


+28° 

•627 j 

’ 15° 


Isopenthane 






Tetramethylmethane or 


+ 10° 




Neopentatie 





CflHid 

Normal Hexane 


69° 

•677 ' 

1 at 


Diraethylisopropylmethane 


58° 

•679 

r 0 ® 


Dunethylpropylmethane 


62° 

•672 - 



Methyldiethylmethane 


64° 




Tnmethylethylmethane 


48° 



CtHio 

Heptane 


98° 

•700 1 



Isoheptane 


98° 

•097 


CsHia 

Octane 


125° 

•718 

- at 

CoHao 

Nonane 


150° 

•733 

0° 

CioHaa 

Decane 


173° 

•745 J 
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Melting 

Boiling 

S]E)eciAc 

'ormulai Name. 


Point. 

Point. 


Gravity. 

hiHa4 

Undecane 


,. 

195° 


•774"! 


hflHac 

Dodecane 



214° 


■773 


jisHafl 

Tndecane 



234° 


•775 



Tetradecane 


,, 

^ 252° 


•775 


‘isHsa 

Pentadecane.. 


,, 

270° 


•776 


'luHsi 

Hexadecane . 


18° 

287° 


•775 


hTHsU 

Heptadecane 


22° 

303° 


•777 

pH 

'isHss 

Octadecane . 


28° 

317° 


.777 



Nonadecane .. 


32° 

330° 


777 

13 

'aoH4a 

’ Elcosane 


37° 

205° \ 

a; 

•778 


'aiH44 

Heneicosane 


40° 

215° 


•778 

g 


Docosane 


44° 

224° 

U1 

•778 

0 ) 

aaH48 

Tricosane 


48° 

234° 

1 

•779 


■a4HGo 

Tetracosojie .. 


51° 

243° 


•779 


arHoo 

Hcptacosane.. 


60° 

270° 

a 

•780 

< 

'8iH04 

Hentnacontane 


68° 

302° 

d 

•781 


saHod 

Dotriacontane 


70° 

310° 


•781 


82 HtB 

Pentatnacontane 


75° 

331° 


•7S2j 



The formulae for such 

a series may 

be written 

in general 


terms, and that for the ptiethane series or paraifins is C,jH2«+2 
where “ n represents the number of carbon atoms in the com¬ 
pound. Tlie general term paraffins is used owmg to the com¬ 
pounds being very inert chemically (parum affinis = little affinity). 


The properties of the members of such a series of compounds 
undergo a gradual change as the number of carbon atoms in the 
compounds increase. Thus, the boiling point, melting point, 
viscosity (or fluidity), specific gra\aty, flash point, and calorific 
value all increase as the number of carbon atoms increase. 
Methane (CH*), ethane (CgHu), and propane (C3H:,) are gases at 
the ordinary temperature. Commencing with butane (C4H.U), 
the boiling point of which is 1 ° C., the compounds are liquids, and 
when hexadecane (CkjHm) is reached all ore semi-solids or solids at 
the ordinary temperature. 

The whole of the members of this series are contained both in 
American and to some extent Russian petroleum. The com¬ 
pounds are separated by fractional distillation, and when the 
boiling point becomes excessively high, the distillation is, in 
some cases, carried out under vacuum, hence the term “ Vacuum 
Oils.*' The distillates are briefly as follows ; petroleum ether, 
petrol, ligroin, kerosine, paraffin (or burning) oil, lubricating 
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crfl^ vaseline/paraffin Vrax/aiid, finally, petroleum pitch or 
petroleum charcoal. 

The approximate boiling points of the commercial fractions of 
petroleum are :— '’C. 

Petroleum Ether (or petrol) .. ;)(> to 90 

Ligroii) .. •• “ •• 90 to 120 

Benzoline or Benzine {fioi Benzene).. 120 to ino 
Paraffin Oil or Burning Oil or Kero- 
" sene’.. .. .. .. .. inoto2n() ..i 

Gas Oil or Solar 051 .. .. 200 to tlOO 

Lubricating Oils . 200 to ;l(K) 

Vaseline or Petroleum Jelly .. — 

Paraffin Wax .. .. M.P, 4r) to (15 

Commercial petrol varies in boiling point and propertieif 
according to tJie demands of the market; generally the former is 
between 60°C. and 140°C., and its specific gravity 0-700 to 
0 • 740. It will be seen, therefore, that it is a mixture of a number 
of the members of this series and its properties depend upon 
which are present. 

The gaseous members of the series may be obtained from the 
decomposition of coal, but they ('an hardly 1)0 considered to be 
present in coal in its natural state. Thus, coal gas contains 
about .32 per cent, of a mixture of methane, etliane, and propane ; 
the percentage of ethane being about 5. 

The gaseous and liquid members of the series are olitained by 
the distillation of coal or cannel at a low temperature (low tem¬ 
perature carbonisation) and the production of the series is one of 
the chief objects aimed at by the low temperature (Hirlionisation 
of coal and other fuels. The series is quite distinct from the 
compounds obtained by the high temperature distillation of coal. 

Metliane is also produced by the decomposition of organic 
matter by bacteria, stagnant water, ponds; it is interesting 
to note that at certain sewage farms and elsewhere, light and heat 
are obtained by burning sewer gas (methane, 97 per cent.). 

Another source of this series should be mentioned : namely, 
by the distillation of shale, an inclii.stry which flouri.shes in 
Scotland. 

Isomeris7n. 

In the more complicated hydrocarbons, beginning with 
butane (C 4 H 10 ) two or more arrangements of the atoms present 

0 



in the compound arc pi)ssible. Thus, butane may be written 
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11 will he noticed that llie compounds have the same empirical 
formula, hut possess different physical and chemical properties. 
One compound is said to be an isomer of the other, that is to say, 
H blood l>rotlu*r. 

Pen lane isomers. Hexane (Calli,) has five 

isomers, Tridts'ane (C'laHvfl), however, has S02 isomers. The 
thnr is{»mer.s of pentane arc called primary (B.I^ 4 *16), secondary 
(H.l*. and tertiary or neopentane (B.P. 10®C,). It is clear 

that the distillate's from petroleum which arc obtained by dis¬ 
tillation at certain temperatures will be complicated mixtures of 
different ixStmicrs ; further that fractions obtained from separate 
vmn'es may contain entirely different compounds, although the 
boiling points and specific gravities of each may be the same. In 
other woi^H, the fractions may be identical when tested by 
physical tests, but may behave differently when undergoing 
chemical reactions, tf.g,, exploding in a cylinder for power pro¬ 
duction. 


7'kc IVriiiftg of Formnlm. 

The method of writing the formulse of compounds, as shown 
hitherto, is not sound, as it only indicates the grouping of the 
atoms in two dimensions—length and breadth ; it is desirable to 
show the formula in three dimcnsions—length, breadth, and 
depth, in order to represent matter. To indicate the four 
valencies or forces with which other elements become associated 
in the case of a carbon atom, it i.s necessary to assume that the 
valencies are etiually distributed around the central carbon atom. 
The conception of the carbon atom is, therefore, best indicated by 
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assuming that it is the centre of a tetrahedron, and that the 
valencies are effective towards the points of the tetrahedron. 
Methane, therefore, is written as follows :— 



The modem conception of an atom is that it consists of a 
central nucleus or nuclei, suriounded by a sphere of influence 
whicli is composed of ions revolving round the nucleus These 
ions carry electrical charges, the sum of which is equal and oppo¬ 
site to that of the nucleus or nuclei. 

In view of the above arrangement of the valencies of the 
carbon atom, when a chain of carbons is formed, it is not straight, 
and tends to form a ring. Under certain conditions, this 
actually happens owing to the ring compounds being more stable 
than the original chain compounds. Thus, pentane (CgHig) may 
become (CgHio) pentamethylene. 

The Burning of Gases. 

When metlianc is mixed with an excess of air or oxygen, or the 
theoretical volume of air, it forms an explosive mixture. If this 
mixture is ignited, the following equation represents the reaction 
which occurs. 

CH4 4-202 = C02+2H20 

The explosion which taJees place cannot be considered a fierce 
one, as tliere is only an increase in volume of the gases. Pressures 
as high os 100lbs. on the square inch have been recorded, and 
since the gases produced by the explosion contain a large propor¬ 
tion of steam, the subsequent cooling of the gases leads to the 
production of a diminished pressure or vacuum. The explosive 
limits of methane in air are between 6 and 10 per cent.; mixtures 
containing more or less than these limits are non-explosive. The 
reaction between the two gases may be brought about by means of 
a catalytic agent or catalyst. In such a reaction the catalyst 
which brings it about is not altered. When a mixture of methane 
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and air is exploded, it means that the compound has undergone 
a very rapid oxidation, but it has been proved that this reaction 
really takes place atom by atom. 

Stage /. of the oxidation of methane. 

CH^ + O^CHaOH. 

Methyl Alcohol. 

It will be noticed that in the compound methyl alcohol the 
group (CH 3 —) IS combined with the group (OH) Such groups, 
which possess the power of passing from one compound to another 
and still retain their original forrnula and characteristic proper¬ 
ties, are called radicles. Radicles may be monovalent 
methyl (CH 3 —), ethyl (CgHs—), propyl (CgH^—), hydroxyl 
(OH)), or di- or trivalent, &c. 

Methyl Alcohol (CH 3 OH) may therefore be called methyl 
hydrate or methyl hydroxide or hydroxymethane. Commer¬ 
cially it is called wood spirit or methyl alcohol. 

Stage JL of the oxidation of fnethane. 

CH 30 H + 0 = H 20 +HCH 0 or Formaldehyde. 

Stage III. of the oxidation of methane. 

HCHO-hO = HCOOH or Formic Acid. 

Stage IV. of the oxidation of methane. 

HC00H + 0 = C0g-l-Ha0. 

The final result of the above four stages is as follows :— 
CH4+203-C0g+2H20. 


When methane is burned in a limited quantity of air, the chief 
product obtained is carbon monoxide. 

It wiU be seen from the above that the oxidation of methane 
is a ^dual process, and this may be said of all other chemical 
reactions. Such reactions proceed more or less rapidly, but 
always step by step. Therefore, an explosion is simply combus¬ 
tion taking place very rapidly. 
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Experiments on the above problem were carried out by Dr. 
Coward, who mixed air with methane, the mixtures being made of 
such a dilution that they were not explosive (below 5 per cent, of 
methane); the mixed gases were brought into a box 7ft. long by 
1ft. square with two glass sides, and containing an arrangement 
at the bottom by which a single electrical spark could be pro¬ 
duced at will. When a spark was made in the mixture a vortex 
ring of flame was produced, starting at the sparking point. The 
-ring of flame travelled upwards, enlarging as it rose, until it 
reached the upper end of the box, where it was extmguished. 
The ring of flame was found to ignite explosive mixtures, and it 
would appear from tliese experiments that a flame will travel 
through a gaseous mixture which m itself is not explosive, and 
may reach an explosive mixture when an explosion would occur. 
The ignition temperature for different gases varies with the 
jamount of air or oxygen added. 

Mixed with Mixed with 
oxygen. air. 

Hydrogen ignites at .. about 5^° C. 680® C. 

Carbon monoxide .. ., „ 660 650 

Methane.from 668 to 700 660 to 760 

Carbon Monoocide (CO) (“ After-damp *’). 

This gas is colourless and tasteless, except when in high 
. concentrations, when it produces a taste similar to that of 
metalhc copper. In this compound carbon is divalent, but it 
must be assumed that two of the valencies are inactive. 

Carbon monoxide is produced when any organic compound is 
burned m insufficient oxygen or air. Thus, it is formed durmg 
the burning of cool, methane and coal gas, and other fuel gases. 
It is the active constituent of all producer gases (about 26 per 
cent.), water gas (about 40 per cent.), and is present m coal gas 
(about 7 per cent.). 

Producer gas is made by passing air through red hot charcoal, 
coke, coal, or other fuel, and when made from pure carbon contains 
theoretically 34-6 per cent, of carbon monoxide and 66*6 per 
cent, of nitrogen. Such a g£Ls has a calorific value of about 11.0 
British Thermal Units per cubic foot. (Coal gas has a calorific 
value of about 500 B.T.U. per cubic foot). The calorific ve^lue pf 
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pure carbon monoxide is 340 B.T.U per cubic foot, whilst 
methane is 1,064 B.T.U. per cubic foot. 

Carbon monoxide is absorbed by the blood, producing a pink 
coloration, and this reaction is used as a characteristic test for 
carbon monoxide. The actual colour produced is a very vivid 
pink, which is very distinctive. Acetylene also produces a pink 
colour, but not of the same shade as that given by carbon 
monoxide. 

Test for Carbon Monoxide. 

A drop of freshly drawn blood is diluted with pure water until 
the volume is about two tablespoonsful. The liquid, which 
poissesses a buff colour and not a red one, is divided into two equal 
parts. One portion is placed in a test tube and corked up to be 
used as a check tube to match the result of the test The other 
tube is exposed to the gas to be examined. The gas should be 
drawn through the tube, and the contents well shaken. The 
colour of the liquid should now be compared with that in the 
check tube. ' 

Carbon monoxide is a cumulative poison; 0*5 per cent, by 
volume in the air will kill a human being outright; whilst 0 • 1 
per cent, to 0 - 2 per cent, will act after a certain number of hours. 
Even smaller percentages (0 *01 toO • 1 per cent.) have a poisonous 
action upon the human being, and it appears to depend upon the 
general health of the subject and the life led by him as to 
whether the poisonous effect will appear rapidly or after an ex¬ 
tended period. The poisonous effect may not appear as a direct 
poisoning, but produces anaemia and other similar disturbances. 
A consideration of the above and an appreciation of the fact that 
in order to obtain high efficiency in tlie burning of fuel gases it is 
necessary to burn the gas m as small a volume of air as possible, 
will make it clear that gas poisoning may be a very frequent 
occurrence industrially. If the flame of burning gas is cooled 
before the combustion has completed itself, then carbon monoxide 
will pass into the air and be a source of danger. This may also 
be brought about by an msufRcient supply of air, and thus, in the 
case of gas fires, any dull part or any part of the flames which 
comes in contact with cool surfaces may cause carbon monoxide to 
be evolved. 
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Amongst the number of processes liable to carbon monoxide 
poisoning the following may be mentioned * gas producers, gas 
engines, or near imperfect gas fires j in laundries from gas irons, 
collar-ironing machinery ; near coke fires ; from ordinary gas 
ovens and burners; blastfurnaces, and in coal mines. It is 
generally stated that 80 to 90 per cent of the deaths which occur 
in explosions m coal mines are due to carbon monoxide poison¬ 
ing. “ After damp ” may contain from 2 to 10 per cent, of carbon 
monoxide. It is clear that it is a deadly poison. 

The Combustion of Carbon, 

In the combustion of carbon in, say, a coke or coal fire, the 
old theory was that at the bottom of the fire carbon dioxide was 
formed, and as this passed up through the fire that it took up 
carbon from the red-hot fuel and produced carbon monoxide 
This gas then passed to the top of the bed of fuel and there came in 
contact with an additional supply of air, and burned to produce 
carbon dioxide. The above theory has been replaced by one in 
which it is assumed that carbon monoxide and carbon dioxide 
are both formed together and the proportion of each formed is 
dependent upon the temperature of the carbon and the volume of 
air present. Tlie carbon dioxide produced may, as it passes 
through the red-hot fuel, be reduced to carbon monoxide (the 
term “ reduced ” in chemistry means roughly that the proportion 
of oxygen m the compound is lowered ; thus CO 2 by taking up 
another carbon atom becomes 2 of CO). 

COa+C=2CO 


Carbon Dioxide, (COg.) 

This is also called “ black damp ” and is produced by the 
complete combustion of carbon in air. Normal air contains 
0-04: per cent, of carbon dioxide. (Air contains 21 per cent, of 
oxygen, 78 per cent, of nitrogen, and 1 per cent, of argon, thei*e 
are also present minute quantities of sulphur dioxide and nitro¬ 
gen oxide, ammonia, &c.). The accumulation of carbon dioxide 
m the air is prevented by the action of plant life, carbon dioxide 
being absorbed by the presence of sunlight, and oxygen evolved 
during the process. 
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During the complete combustion of carbon, 14,646 B.T.U’s. 
are evolved for every pound of carbon burned, whereas by the 
burning of carbon to carbon monoxide only 4j.'383 B.T U’s. are 
evolved. 

It appears somewhat strange that one atom of oxygen, com- 
bming with carbon to yield carbon monoxide, should evolve 
4,383 B.T.U’s., while two atoms of oxygens to the same weight of 
carbon yield 14,646 B.T.U’s. It would appear that the first atom 
of oxygen produces far less visible heat than the second. This is 
explamed by the fact that heat is required to transform the solid 
carbon into gaseous form 

A chemical equation does not represent fully what occurs 
when two or more elements of compounds interact, and m order 
to make the expression complete it is necessary to introduce the 
amount of heat gained or lost dunng the chemical reaction. 
Thus, 

For unity C+0 = CO+ 4,383 B T.U. 

1 vol. 2 vols. 

For unity C+Oa = 002+14,646 B.T.U. 

2 vols. 2 vols. 

The above are called Thermal Equations. 

The above equations also show that when carbon combines 
with oxygen, it yields either carbon monoxide or carbon dioxide, 
as the case may be, but that the volume of gas produced for the 
combustion of one unit of carbon is exactly tlie same in both cases. 
This is explained by the fact that a molecule of gas is produced, 
and that ^e volume occupied by a molecule of all gases is the 
same. The theory tliat underlies this is one evolved by Avogardo. 
This states that equal volumes of all gases contain an equal num¬ 
ber of molecules. Obviously the weight of the molecules will 
differ and thus the weight of carbon monoxide produced from 
one atom or twelve imits of carbon is 28, whereas the weight of 
carbon dioxide produced is 44. 

Unsaiuraied Hydrocarbons, 

In addition to the methane series there are other senes of 
hydrocarbons of considerable importance from the point of view 
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of gaseous and liquid fuels^ and two of the most important of the 
series are the ethylene series of unsaturated hydrocarbons and 
the acetylene series 

The first member of the first mentioned series is ethylene 
(C 2 H 4 ) which is a colourless gas with a faint and rather pleasant 
odour. It is produced during the carbonisation or dry distilla¬ 
tion of all organic compounds including coal. It is present in 
coal gas to the extent of i per cent.^ and is responsible for about 
one-third of the luminosity of coal gas, the remaining two-thirds 
being due to the presence of benzene, toluene, &c. The series 
of which ethylene is the first member have the general formula 
ChH 2 ,„ and they are most active from a chemical point of view. 

The first four members are: ethylene, propylene, amylene, 
hexylene. These hydrocarbons possess similar physical proper¬ 
ties to those of the saturated hydrocarbons, and the boiling 
pomts, specific gravities, &c , of the members of the two classes 
are generally close together for members containing the same 
number of carbon atoms. The unsaturated hydrocarbons occur 
m the products obtamed durmg the carbonisation of coal at low 
temperatures. The tar and oils obtained during the carbonisa¬ 
tion of coal tend to contain a higher proportion of these hydro¬ 
carbons the lower the temperature at which the carbonisation of 
the coal was carried out. The hydrocarbons are also present in 
certam types of petroleum, and are quite as valuable as the mem¬ 
bers of the saturated series of hydrocarbons for use as motor 
fuels. One fuel recently examined was found to contain buty¬ 
lene 16 per cent., amylene 14 per cent, hexylene, dec., 70 per 
cent. The subject has received very little attention up to the 
present, but with the mcreased demand for liquid fuels will no 
doubt be thoroughly investigated. 

The first and most important member of the acetylene series 
is acetylene (CgHa). 

It is produced by the action of water upon calcium carbide 
and IS formed during the carbonisation of organic compounds. 
It is present in coal gas to the extent of up to 0*7 per cent. It 
yields copper and silver compounds called acetylides. Tlijese 
highly explosive. Acetylene is a colourless gas 
which, when pure, is practically odourless, but in the impure 
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state possesses a disagreeable odour It is extremely poisonous 
but to a less degree than carbon monoxide. Its action on the 
human system is similar to that of carbon monoxide. 

Calorific Value of Gases present in Gaseous Fuels. 

B.T.U. per cubic 
foot. 


Hydrogen 


Gross. 

.. 343-3 

Net. 

287-2 

Carbon Monoxide 


.. 340-4 

340-4 

Methane 


.. 1064-0 

951-3 

Ethane. 

• i 

1860-0 

1691-0 

Ethylene 

. i 

1673-0 

1561 -0 

Propylene 

. t 

2474-0 

2.305-0 


The Benzene Senes. 

This series of compounds is derived from a mother substance 
called benzene or, commercially, benzol. The whole senes is 
called the Aromatic Series, as certain of the better known com¬ 
pounds have an aromatic odour. 

Benzene may be produced by passing acetylene through a red 
hot tube or by bringing it into contact with red-hot surfaces. 
Therefore, if acetylene or ethylene are produced during the 
decomposition of coal or other fuel, and the resulting gases come 
in contact with red-hot coke or the surfaces of the retort then the 
molecules combine together and give rise to benzene and its 
homologues. 

3C2H2 = CflHfl. 


The combination of three acetylene groups as shown above is 
called Polymerisation. The formula for benzene is written in 
the following manner, and it will be seen that it is m the form of 
a rmg or nucleus. 

OH 

HC 
HC 

OH 
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\Vlien acetylene and ethylene ate heated to a higher tempera¬ 
ture the following compounds are produced in addition to 
benzene — 

Naphthalene. 

CH CH 

I N 

HC\,/\/CH 

CH CH 

Anthracene 

CH CH OH 
HC/\/\/\CH 

1 pj 

hc\/\/-\/^ch 

CH OH CH 

Speakmg in general termSj the higher the temperature to 
which organic compounds are heated, the more complicated the 
compounds formed. Therefore, ordmary coal tar consists of an 
extremely complicated mixture of compounds. 

The followmg table shows the approximate composition of 
coal tar produced by high temperature carbonisation *— 


Benzene and its homologues 

Per cent. 
.. 1 4 

Naphthalene and its homologues 

.. 4-0 

Creosote Oil (a complicated mixture 

which IS not usually separated) 

. 24-0 

Anthracene 

0-2 

Water 

.. 15-0 

Carbolic Acid 

.. 0-2 

Pitch .. . . 

. 56-0 


Benzene (CoHo) is the simplest member or mother substance 
of a series of compounds which can be considered as derived from 
benzene in exactly the same mamier as ethane, propane, &c., are 
derived from methane. Thus, benzene (CflHu) yields toluene 
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or toluol (CflHgCHg). All the hydrogens m the benzene ring 
may be replaced, 

CH 

HC/\C—CH 3 


HC\/CH 

CH 

Toluene. 


Properties of Benzene, 

Pure benzene or benzol is a colourless liquid, having a charac¬ 
teristic odour. It melts at B • 4°C , and boils at 80 • 5° C , and has 
a specific gravity of 0*874;. 

It is clear, therefore, that if benzene is cooled to the freezing 
point of water it will become solid, and this is a distmct dis¬ 
advantage when using benzol for motive purposes. 

Toluene, the second homologue of the series, boils at 110° C., 
and does not become sohd until —98° C. It follows, therefore, 
that benzene which contains a small proportion of toluene will 
not solidify so readily as pure benzene. On this account, it is 
better to use such a mixture as 90’s benzol. 

Commercial benzene or benzol is frequently sold under such 
designations as 90 per cent, or 90^s benzol, or 60 per cent, or 50*s 
benzol. Such samples contain mixtures of benzene, toluene and 
xylene and small percentages of higher homologues. The sample 
is valued by determining the volume of the liquid which will 
distil below 100° C. Ninety per cent, or 90’s benzol means that 
90 per cent, of it will distil over below 100° C. A t 3 q)ical sample 
contained benzene 86 per cent., toluene 11 per cent., xylene 
1 ■ 5 per cent., and 2 • 6 per cent, of a mixture of unsaturated hydro¬ 
carbons, thiophene, carbon disulphide, &c. 

Amongst the most important compounds in coal tar is phenol 
or carbolic acid, which may be considered as phenyl hydrate. 
This compound is the beginning of a new series of compounds 

CH 







The compounds mentioned above are all separated from coal 
tar produced by the high temperature carbonisation of coal 
Briefly the process by which they are separated is as follows :— 

The coal tar is subjected to a rough or preliminary distillation. 

The first fraction is the oil which distils over below 170° C., 
and is called Light Oil because it has a specific gravity less than 
water. This oil contains benzene^ toluene; xylcaiC; and other 
compounds 

Benzene boiling point.80° C. 

Toluene .. . .. 110° C. 

Xylenes ,, .139° C. 

The second fraction is collected between 170° C., and 230° C., 
and is called Middle Oil. It contains naphthalene (boiling point 
218° C.) and its homologueS; and carbolic acid (boiling point 
183° C.) and its homologues. 

The third fraction is collected between 230° and 270° C., and 
as its specific gravity is greater than water, it is called Heavy Oil. 
This fraction is not usuaUy separated, and is sold under a number 
of names, but may be called Creosote. 

The fourth fraction is collected between 270° C. until no 
further compounds will distil. This is usually at a temperature 
of 420° C. It is called Anthracene Oil, and is the source from 
which anthracene is obtained. 

Remaining in the retort after the above distillation is Coal 
Tor Pitch, the degree of hardness of which depends upon the 
temperature to which it has been heated. The higher the 
temperature the harder the pitch. 

Each of the above fractions now undergoes further distillation 
or chemical treatment in order to recover the constituents 
present. In an ordinary tar works the products obtamed are : 
Benzene, toluene, xylene, carbolic acid, cresylic acids (cresols), 
pyridine, naphthalene, creosote, anthracene, pitch. Solvents for 
special purposes can also be made with great ease, and road 
naking pitches of any degree of hardness can be produced. 

All types of tar receive a similar treatment, but tlie yields of 
the valuable products from tars obtained from producers or from 
vater gas m^ing would not be large enough to make the treat- 
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ment profitable. Such tars are waste products and difficult to 
utilise^ especially where the percentage of free carbon present 
is high. 


COAL ANALYSIS, 

The total weight of the sample of coal should be about 
l/40th to l/80th of the total bulk weight, but when the sample 
becomes excessively large, the difficulties encountered in breaking 
it into smaller lumps and intimately mixing it during the opera¬ 
tion of quartermg detracts from the value of the large samples. 
As a rule, therefore, a sample of about half a ton is large enough 
for most practical purposes.* 

In order to obtain a small sample from the total sample, the 
coal should be coned and quartered. This process consists in 
piling the coal into a circular heap, into which it should be 
allowed to fall naturally, so that the sides of the pile are the 
natural angle of rest of the coal. The heap is then divided into 
four quarters, of which two opposite quarters are taken and dis¬ 
carded, the remaining two are again treated in the same way. 
As the weight becomes less, it is necessary to reduce the size of 
the individual lumps of coal, and the following table shows the 
relationship between the weight of the coal and the size of the 
largest piece:— 

7,0001bs. should pass through a 2in. mesh sieve. 
l,2001bs. „ „ „ lin. „ 

40]bs. „ „ „ 2 

i'b. „ „ „ 10 „ 

For actual analytical purposes the sample should pass through 
a sieve of l/20th mch mesh sieve, and for certain purposes 
through a much smaller sieve, generally l/(>0th inch. 

It is important to recognise that during grinding coal loses 
water very rapidly, and the samples which are finely ground 
should, therefore, be tested to see whether they have lost mois¬ 
ture. 

After tlie sample has been obtamed in the above manner 
it should be stored in an air-tight bottle and the portion which is 

• See "The Sampling of Coal," by F. S. Sintiatt. Bulletin No. a. 
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used for'the analysis should be sealed during the times when it is 
not required. 

Determination oj Moisture, 

The amount of moisture present m a coal cannot be accurately 
determined except by a very cumbersome process, and it is usual, 
therefore, to employ an empirical process. The process to be 
described is that advocated by the American Coal Committee, and 
is the commonest one in use. From 3 gms. to 6 gms. of coal are 
placed on a weighed watch glass and spread evenly over the sur¬ 
face. The watch glass is then placed in a steam oven, or a hot-air 
oven, at a temperature of 100° to 104° C. It is allowed to 
remain for one hour after" which it is removed and placed in an 
atmosphere free from moisture (a desiccator) until it is quite cold. 
The loss in weight that has occurred is then determined by a 
second weighing, and this loss is assumed to be the moisture 
present m the coal. The loss actually consists of moisture; 
oxidation, loss of gases ; and gain in weight due to the absorp¬ 
tion of moisture dunng weighmg. According to tests made by 
Archibald and Lawrence the above method may yield results 
which are 40 per cent, lower than the actual figure. The deter¬ 
mination of moisture, therefore, must be considered to be most 
important owing to the inaccuracies which may occur, and the 
results are of especial importance if it is required to determine 
the percentage of hydrogen present in the coal. 

The followmg table affords an idea of what occurs when a 
sample of coal is heated for an extended period at rather higher 
temperatures:— 


Coal dried at 100° C. .. 


Gms. 

.. 6-0000 

After 1 hour at 130° .. 

. , 

.. 4-9816 

» 1 

„ 175“ .. 

, , 

.. 5-0346 

« 6 

„ 175“ .. 

. , 

.. 6-2036 

» 3 

„ 200“ .. 

. . 

.. 6-2654 


In other words, the coal gains about 6 per cent, m weight due 
mainly to oxidation. The coal has incidentally lost its caking 
power. This oxidation may be considered to be the preliminary 
process which occurs previous to the coal taking fire spontane- 
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ously, and it depends upon the rate at which the oxidation will 
take place as to whether the coal will fire easily or not. 

Determination of Volatile Matter and Coke, 

This is an empirical test (American Coal Committee) 

A platinum crucible weighing 20 to 30 gms. is supported 
upon a silica triangle above a bunsen burner, the flame of which 
should be about 8m. long. One gm. of coal, which has not been 
exposed to the air, is spread evenly over the bottom of the 
crucible. The lid of the crucible, which should be fairly tight 
fitting, is replaced, and the coal is heated for exactly seven 
minutes, with the full bunsen flame. The crucible is then placed 
in a desiccator to cool and the loss m weight determined by a 
further weighing. The loss in weight is called Volatile Matter^ 
the residue is called the Coke. 

The Volatile Matter less the percentage of moisture is usually 
termed Volatile Organic Matter. The Coke less the ash is called 
the FiAed Carbon. 

The sample of coke left in the crucible at the completion of 
the test is generally in the form of a small button, and it should 
be examin^ and its physical properties placed on record, m 
fact a sample should be retained for purposes of companson. 

Determination of the Caking* Index or Agglutinating Value. 

One gramme of the coal is mixed with gradually increasing 
unit weights of Calais sand ; the coking test described above is 
then repeated and the coke examined. When the coal yields a 
coke which cannot be turned out of the crucible without break¬ 
ing the weight of sand mixed with the coal is called the Caking 
Index. Non-caking coals will not hold any sand, whereas good 
caking coal (c.g., Arley) will hold up to 14 gms. of sand. 

Determinaiion of Ash. 

One gm. to 5 gms. of coal are spread over a flat silica dish 
about 2iin, to 3in. in diameter. The coal is then heated gently 
for a short time and finally heated in a full bunsen or in a muffle 
until the residue is quite free from organic matter {t e., carbon). 
The residue left in the dish is the ash in the coal, but it is not 
the actual inorganic matter present m tlie coal substance, as 
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during the heating the inorganic compounds present in the 
coal have decomposed. Nevertheless it is assumed to b? the 
ash in the coal. 

Fusibility of the Ash. 

A considerable weight of the ash of the coal is required, and. it 
IS ground until it will pass through a sieve of at least 1/lOOin. 
mesh. A portion of this is taken and made into a paste with 
water , it is then built into a cone with a square base, having one 
side vertical. The proportion of the height to the base should be 
3 to 1. The cone is then dried in an oven and finally placed in a 
muffle or other source of high temperature along with a pyro¬ 
meter. The temperature is gradually raised until the tip of the 
cone begins to bend over. When this reaches the plane in which 
the base is situated the ash is assumed to have melted. The 
temperature is then taken. 

The temperature at which the ash will melt or fuse depends 
upon its composition, but the percentage of iron present has been 
proved not to have such an mHuence as was formerly thought 
to be the case. Thus ash containmg the following percentages of 
iron fused at approximately the same temperature:— 

4 per cent, iron oxide (FgOg) fused at 2,700° 

22 „ „ " „ „ 2,300° 

40 „ „ ,, „ 2,400° 

Different portions of the same seam may contain ashes having 
entirely different fusing points. 

Determination of Organic Matter tn Clinker. 

Owing to the fact that clinker is very hygroscopic, it is not 
possible to determine the percentage of carbon present in it by 
simple ignition. It is necessary, therefore, to carry out a com¬ 
bustion upon the clinker, and by weighing the amount of carbon 
dioxide evolved, determine the carbon present in it. Owing to 
the fact that all chnker contains a high percentage of sulphur, a 
portion of which is oxidised, it is practically always strongly 
acid. It should, therefore, be kept away from all iron materials. 
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Calculah07t of the Calorific Value. 

A number of formulae have been suggested for the calculation 
of the calorific value of coal from the values obtained in the 
coking test^ and one of the best of these formulae is that devised 
by Goutal. 

GoutaVs Formula, 

Calorific value in calories=82 C+aV. 

Where “ C'' is the percentage of fixed carbon, V'' is the 
percentage of volatile organic matter, and “ a is a constant 
which depends upon the percentage of volatile matter calculated 
upon a baisis which ignores the ash and moisture. 

The following table shows the value of “ a ’’ for different 
values of 100 XV. 

C +V 


lOOX V 


c +v 

— 

5 

145 

10 

130 

16 

117 

20 

109 

26 

104 

00 

98 

36 

94 

40 

80 


Ultimate Analysis of Coal. 

The additional values required are the percentage of nitrogen, 
sulphur, carbon, and hydrogen. When the sum of these is added 
to the percentage of water and ash, and the total deducted from 
100, the difference is the percentage of oxygen present in the coal. 

The percentage of oxygen in a coal is of very great interest, 
as it is generally assumed that when coal is carbonised or burnt, 
the oxygen present in it combines with hydrogen at once. From 
this it is obvious that the hydrogen available for gas-making is 
the total percentage of hydrogen less the amount which is com¬ 
bined With the oxygen. This is called Disposable Hydrogen. 
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The following example explains this point •— 
Analysis of a fairly good coal. 


Per cent. 

Water .. .4*3 

Ash . 6*7 

Sulphur . , 1*3 

Nitrogen.. .. , . 1-4 

Carbon .. . . .72*9 

Hydrogen .. . 4-7 

Oxygen.8-7 


(By difference.) 

The hydrogen which will combine with 8 • 7 per cent, of oxygen 
can be calculated from the fact that 2 parts by weight of hydrogen 
combine with 16 parts by weight of oxygen to form 18 parts by 
weight of water. 

H20 = H20 

2 + 16-18 

Therefore, to combine with 8 7 per cent, of oxygen, 1 '0 per 
cent, of hydrogen is necessary ; as the coal contams 4*7 per cent, 
of hydrogen, the disposable hydrogen is 4 • 7—1, f.^. 3 ■ 7 per cent. 
It IS frequently found that coal otherwise suitable may contam 
a low percentage of available hydrogen. 

Determination of ike Calorific Value, 

There are a number of methods for the determination of the 
calorific value of coal, of which two will be mentioned. The 
first is an empirical process and depends upon the combustion 
of coal by means of sodium peroxide. It is called the Roland 
Wild method. A description of this method can be obtained 
from Messrs. Alexander Wright & Co., Westminster, London, 
S.W. The mam point to be remembered is that the coal should 
be powdered to a degree of fineness which depends upon the 
particular nature of the sample. Soft coals should be used in 
rather a coarse powder, whilst hard coals should be ground to pass 
through a sieve of l/60m. mesh. 

The method has a second feature, namely that after the coal 
has been burned m the nickel crucible by means of sodium 
peroxide, the residual mass contains the whole of the sulphur 
present in the coal as sodium sulphate. It forms, therefore, an 
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extremely rapid method for the determination of sulphur in coal. 
The mass is dissolved in water, made slightly acid with hydro¬ 
chloric acid, and the solution of barium chloride is then added. 
A white precipitate of barium sulphate is formed, this is filtered 
off through a filter paper and washed with hot water. The filter 
paper and precipitate are then dried completely, and finally the 
filter paper and precipitate are placed in a weighed crucible. 
The whole is then ignited, when the filter paper bums and leaves 
behmd the pure barium sulphate. From the weight of the 
barium sulphate the percentage of sulphur can be calculated, 
assuming that 233 parts of barium sulphate contam 32 parts of 
sulphur. 

For a description of the Bomb Calorimeter, see Catalogue of 
Cook, Instrument Maker, The University, Manchester. 

Occluded Gases. 

Tlie gases contained in the pores of the coal substance, the 
so-called occluded gases, are of very considerable importance 
from many points of view. The gases can be driven off by heat¬ 
ing the coal in water or by placing it in a vacuum. Anthracite 
contains methane and ethane; steam coal contains methane, 
carbon dioxide, oxygen, and nitrogen Bituminious coal con- 
tfiin^ methane, carbon dioxide, oxygen, and nitrogen. Lignite 
contains chiefly carbon dioxide and a little methane. Peat 
contains carbon dioxide and occasionally carbon monoxide. 

The subject of the absorption of air and oxygen by coal is not 
tiioroughly understood, and the following example shows the 
composition of the gases drawn off from coal (a) when obtained 
fresh from the face, and (b) when the same coal had been exposed 
to the air for a few days. 



After exposure 


Fresh (a) 

to Air (b) 


Per cent. 

Per cent. 

Carbon dioxide 

.. 1-6 

1*2 

Oxygen 

8-8 

23-8 

Methane 

. 44-6 

3-6 

Nitrogen 

.. 44 7 

71-4 


The curious point in the above tables is that the percentage 
of oxygen (23 • 8 per cent.) is higher than that present in ordinary 
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air (20*9 per cent.), and it would, therefore, seem that the coal 
absorbs oxygen much more quickly than it absorbs nitrogen. 

The Storage of Coal. 

This subject is allied with that of the spontaneous combustion 
of coal. The following is a summary of the mam points in 
connection with the spontaneous combustion or oxidation of coal, 
drawn chiefly from the work of Parr and Walker. 

(a) Oxidation begms at ordmary temperature. 

(b) Below a certain temperature coal will not fire. 

(c) As soon as the coal reaches this temperature the 
oxidation cannot be stopped (auto oxidation). 

(d) When the temperature goes up still higher, it reaches 
the Ignition pomt of the coal; generally at about 
360° C. 

(e) Heat from external sources should be prevented from 
reachmg the coaJ {e.g.^ the sun’s rays, hot pipes under 
the floors, heat of impact in piling, friction of the 
particles). 

(f) The fineness of coal has an especial influence upon its 

oxidation and a mixture of fine coal and lump coal is 
especially dangerous. 

g) Iron pyrites are not of importance until the tempera¬ 
ture of the coal has reached a certain critical figure, 
but as soon as the oxidation of the pjrrites begins, the 
combustion of the coal wall proceed rapidly. 

(h) The presence of moisture promotes the oxidation of 
coal. 

(i) The oxidation of carbon and hydrogen begins at a very 

low temperature—namely, at 120"^ C. 

A consideration of the above points has led to the general 
conclusion that coal should not be piled to a greater height than 
12ft., and that some coal will oxidise spontaneously when heaped 
to a height of 6ft. 

The ideal system of storing coal, and one which obviates all 
difficulties, is to store it under water. This has been practised 
to some extent in America and Germany, and has been found to be 
extremely economical. The main objection is the time required 
for the coal to dry. 
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The Buying and Selling of CoaL 

Standard specification of the London Municipal Electrical 
Engineers and the principal London Coal Contractors, a com¬ 
mittee representing the above bodies decided upon a standard 
specification for the purchase of coal This was published m the 
“ Coal and Iron Trades Review ” for March 28th_, 1913. It 
describes the method of analysis^ the conditions of purchase as to 
time, the reduction in price due to the variations in the 
analysis, &c. 

The City of Chicago purchases its coal upon a specification 
which requires them to reaeive 100,000 B.T.U. for each cent; 
in other words, coal at 13s. 4d. per ton, assuming it to be 14,000 
B.T.U. 

Carhonisation of CoaL 

The manufacture of coal gas ; the process of coal gas manu¬ 
facture is one in which coal is subjected to distillation at a high 
temperature in either horizontal or vertical retorts. Although 
vertical retorts are rapidly replacing horizontal retorts, tlie latter 
must not be considered obsolete, as they have a certain distinct 
function of their own. The retorts are heated to at least 800° C , 
and, as a rule, to 900° C. and 1,100° C. The source of heat for 
the retort is by burning producer gas on the outside of them, the 
producer gas being made from part of the coke obtained in the 
process. The product aimed at on gas works is coal gas, and the 
main part of the process consists in the purification of the impure 
coal gas In the case of coke manufacture the product worked 
for is coke, and the coal gas is a by-product and generally used for 
heating the retorts. The products obtained when coal is car¬ 
bonised are tlie same in all cases, but the composition of the 
products is different, depending upon the process used. Essen¬ 
tially the products are coke or residue, coal tar, water, and gas. 

High temperature carbonisation of coal (900° C. to 1,100° C.) 
as in gas and coke making, 

' Yield j>er ton of CoaL 

Gas.. .. . .. 9,000 to 13,000 cub. ft. 

Tar .11 to 14 gallons. 

Ammonia (expressed as 
Ammonium Sulphate) Up to 30lbs. 

Coke .Ordinary gas or foundry coke. 

Hard, difficult to igmte. 
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hescripitm of Gas Manufaciuri, 

The coal is crushed and charged into retorts generally (In prfi* 
war times) 7 cwts., and heated for 6 hours. Nowadays, the 
amount is 10 cwt. to 12 cwt. heated for 10 hours to 12 hours. 

The whole of the products of carbonisation, tar, water, and 
gas, pass up the ascension pipe to the hydraulic mam, which is 
usually sealed with water. Here much of the tar is deposited. 
The gas then passes through air or water condensers where it is 
cooled, and a further portion of the tar is deposited. The gas 
enters an exhauster or compressor, where its pressure is raised 
sufficiently to enable it to pass through the remainder of the 
purifying process. It is then forced through a washer-scrubber 
in which It IS washed by contact with water and yields ammonia 
liquor. This liquor is then sold to a distiller or treated on the 
gas works, and ammonium sulphate recovered from it. This is 
the most important by-product of the gas works. 

The gas still contains sulphuretted hydrogen, which is removed 
by treatmg it with hydrated oxide of iron, the latter generally 
being mixed with sawdust or wood shavings to increase its poro¬ 
sity. Where there is a market for spent lime, hydrate of lime or 
slaked lime is sometimes substituted for hydrated oxide of iron. 
Spent lime is used as a fertiliser, but in large towns difficulty is 
experienced in finding a sale for it, and therefore oxide of iron is 
used The gas is then treated in a washer with heavy oil or 
creosote m order to recover the benzene and toluene (durmg war 
time). If the gas contains naphthalene, it is necessary to wash 
it to remove this impurity, otherwise it is deposited in the pipes, 
and will prevent the free passage of the gas. 

Coal gas is not generally sold in the pure state, but is mixed 
with carburetted Water Gas , usually about 20 per cent, of the 
latter gas is added. The mixture of water gas and coal gas is 
called Town’s Gas. 


Composition of Blue Water Gas, 


Carbon dioxide 



Per cent. 
.. 6-0 

Carbon monoxide . 



. 43-0 

Hydrogen 


. 

.. 48-0 

Methane 



0-6 

Nitrogen 

.. 


.. 2-5 
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Coal gas 

Ordinary 

Vertical 

Retorts. 

Retorts. 

Carbon dioxide. 

.. 2-0 

2 0 

Oxygen. 

.. 0 3 

Nil. 

Carbon monoxide 

.. 6-0 

90 

Unsaturated hydrocarbons 

.. 4 0 

30 

Methane. 

. 33-0 

32*0 

Hydrogen . 

.. 48-0 

61 0 

Nitrogen . .. . 

6-7 

30 


Water Gas, 

Water gas is made by passing steam through red-hot coke ; 
this yields blue water gas^ which afterwards is usually enriched 
with cracked oils or carburetted. 

Coke contained in a large generator is blown into a state of 
incandescence by means of an air blast of 20in. to 30in. of water 
pressure; time of blast 1 minute to 4 minutes. When the.re^ 
quired temperature has been attamed steam is forced into the 
incandescent coke; the time being for the English process 6 
minutes, for the Delwik process 8 mmutes. The result is that the 
coke decomposes the steam and yields water gas, which, theo¬ 
retically, is a mixture of 60 per cent, carbon monoxide and 50 per 
cent, hydrogen, and has a calorific value of about 330 B.T.U, per 
cubic foot. Usually this gas, which bums with a colourless 
flame, and is called Blue Water Gas m consequence, is carburetted. 
Two processes of carburetting are in common use. The first is to 
add benzene or petrol vapour; the second is to crack petroleum 
(solar oil fraction) and mix the resulting oil gas with the water 
gas. Afterwards, the water gas has to be purified in much the 
same manner as coal gas, but the process used is not so concipli- 
cated. 

Producer Gas. 

Two types of Producer Gas are common—Suction Producer 
Gas and Power Gas 

Suction Producer Gas is made from many kinds of fuel, the 
essential property' of which should be that they do not yield a 
large proportion of tar when carbonised The best fuels are 
anthracite, coke, wood, peat, &c The fuel is introduced into the 
producer and.the gas is made by the suction action of the gas 
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Siiglne itself. Theoretically, the gas should contain 34 per cent, 
carbon monoxide and 66 per cent, nitrogen, but generally water 
or steam is introduced which alters the composition of the gas 
and yields one which is a mixture of producer gas and water gas, 
e.g., carbon monoxide 25 per cent., hydrogen 6 per cent., carbon 
dioxide 6 per cent., methane 1 per cent., nitrogen 03 per cent., 
shows a semi-water producer gas. 

Theoretically the calorific value of producer gas is about 
110 B.T.U to 113 B.T.U. per cubic foot, but by using the correct 
volume of water the calorific value may be 1%) B.T.U. 

Suction producer plants are made from 2 J- h.p. up to 250 h.p. 
but above this size they- have not, up to the present, been a 
success. 

Power Producer Gas. 

These producers may be of any size, and the best example is 
the Mond producer. The essentials for the success of the process 
are to have an ample supply of air and steam under pressure. 

Mond Producer Gas 

These producers are generally made to deal with about 20 
tons of coal in 24 hours, and in order to increase the size of the 
installation additional producers are installed The essentials 
for the success of the process are, careful control of the tempera¬ 
ture in the producer with a view to the prevention of the decom¬ 
position of ammonia. The ammonia that is formed has then to 
be recovered from the producer gas. It is recovered as ammo¬ 
nium sulphate directly from gas, by treatmg it with dilute sul¬ 
phuric acid. When the specific gravity of the sulphuric acid has 
reached a standard figure indicating the presence of ammonium 
sulphate in solution, it is removed from the washer or dasher in 
which it is contained, and evaporated until the ammonium 
sulphate crystallises out. Such ammonium sulphate is practic¬ 
ally the same commercial value as that obtained from the gas 
works. 

Lo7v Temperature Carhomsaiion. 

None of the processes devised up to the present can be con¬ 
sidered to be completely successful; the chief processes described 
in the literature are the Delmonte process, the Tarless Fuel 
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Syndicate Process, the Coalite Process, the Maclaurin Process. 
In all these methods coal is carbonised at a temperature not 
exceeding about 550° C. The object all such processes have in 
view IS to produce a smokeless fuel or coke which will be a 
scientific substitute for coal, t,e , burn with a smokeless flame and 
ignite readily. Secondly, to obtain a greatly increased yield of 
tar, which would possess special properties. The constitution of 
such tars is entirely different from ordinary coal tar. On distil¬ 
lation instead of the aromatic series of hydrocarbons those of the 
methane, ethylene or acetylene series would be obtamed. This 
would form a valuable motor fuel. The yield of ammonia from 
such processes promises to be greater than is produced dunng 
high temperature carbonisation. View broadly, the process of 
low temperature carbonisation appears to be one which could be 
combined with that of ordinary coal gas manufacture with great 
advantage to both industries. The results would probably be 
beneficial to all users of fuel in open grates, would decrease the 
smoke nuisance, and economise the nation^s coal. (See Smoke 
and Town Air, Cohen and Ruston ; Arnold, London.) 


ZsOW Temperaiitre Carbonisation. (450° C. to 600° C.) 

Yield per ton of coal. 

Gas . .. 2,000 to 4,000 cub. ft. (high calorific 

value). 

Tar .. . 16 to 40 gallons 

Ammonia . Up to 81bs. per ton. 

Smokeless Fuel . Specimens examined up to 12 per 
cent, volatile matter. 


Del Monie Process. 

The apparatus consists of the following train of plant: 
Retort, producer, condenser, scrubber, gas holder, compressor, 
and re-heating coil. The mam idea of this process—and on it 
is based the process of Maclaurin—consists m carbonising the 
coal by heating it with inert gas. The coal is placed in the retort, 
which is heated by means of a producer. The gas which is 
evolved from the retort passes through the condensers and 
scrubbers and into the gas holder, from which it is sucked by 
means of a gas compressor and then forced through a heating coil 
which is situated round the retort. It is there raised to a high 
temperature and then passes into the bottom of tlie retort and 
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aids the carbonisation of the coal and facilitates the removal of 
the low temperature carbonisation products. The temperature 
of the retorts is usually 450° C. to 650° C. 

The Maclaurin Process. 

This process is very similar to the Del Monte Process, but^ 
instead of the coal gas being circulated round and round the 
plant, producer gas which has been heated is used to carbonise 
the coal. The temperature is 450° C to 550° C. 

The Tarless Fuel Syndicate Process. 

The coal is carbonised in cast-iron vertical retorts under a 
diminished pressure or vacuum of 12in. to 26in of mercury at a 
temperature of 450° C. to 550° C. The patent lies in the design 
of the retort and the use of a high vacuum. 

The Coalite Process. 

This process is very similar to that used in the ordinary gas 
works, except that the carbonisation is carried out at a tempera¬ 
ture of about 450° C., and steam is introduced into the retort_ 
during the process. The result is a semi-carbonised coke which 
will bum with a smokeless flame. 


Books to Consult. 

In_tho course of the lectures a brief summary was given of the contents of the follow¬ 
ing books — 

Treatise on Petroleum B Redwood (Griffin & Co , London ) 

Petrol and Petroleum Spirits. Guttentag (Arnold, Loudon.) 

Coal, Its Composition and Anal'Vsis Somenueier (McGraw, Hill & Co) 
Carbonisation of Coal Lewes. (Beim Bros , London ) 

Constitution or Coal Stopes Sl Wheeler (H M S Stationery Office.) 

Coal and Its SciEHTinc Uses Boue (Longmans Green) 

Modern Cokino Practick Christopher & Byroin. (Crosby, Lodwood & Son ) 
Chemistry op Gas Manufaciurk. Royle (Crosby, Lockwood & Sou.) 

Coal Gas Rewduals. Wagner (McGraw, Hill & Co.) 

Coal Tar and Ammonia. Lunge. (Gurneyt Jackson) 

Handbook on Briquettino Frankcand Lantsberry. (Griffin & Co., London.) 
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PREFACE 


Although much has been wntten upon the subject of ( oal 
Sampling, the information is not readily accessible to those 
who are interested in the sale and purchase of coal. 

The standard works on coal do not deal with the subjed 
adequately and leave far too many points indefinite whicli 
should be standardised. 

The samplmgof coal is the most vital feature in aiming uL 
its true value, and unless merchants, consumers, and the 
collienes agree to a standard method, it is useless to attempt to 
buy and sell coal on the basis of its calonfic value and (’hcniK'ul 
analysis. 

It is hoped that the matter contained in this bulletin may 
assist m the evolution of a standard method of samjiling c‘oal 
to replace the present haphazard methods. 

Suggestions and criticisms are cordially invited and will ht* 
acknowledged in any further editions. 


R. A. BURROWS, 

President of the iMncashne mul Choshne 
Coal Rcsctrrch Associnfuni 


Atherton Collieriesy 

near Manchester. 
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THE 

SAMPLING OF COAL 


Intt oductmi. 

In ceitain industries tlie purchase and sale of coal is in the 
hands of the commercial and engineering departments only, 
and little attempt is made to determine the actual value of the 
coal by analysis. 

The majority of progressive firms, however, now require 
the coal they are purchasing to conform to certam standards. 

That there are great natural vanations in the quabty of 
coal, even from the best collienes, is common knowledge, A 
seam may vary in the same mme, and the practice of havmg 
the coal exammed at frequent intervals as it is received at the 
works, is becoming very general. Many firms, also, are now 
havmg their coals analysed regularly by outside analysts, and 
in view of these facts, it is of importance that everyone connected 
with the purchase or sale of coal should be thoroughly alive to 
the importance of the subject of sampling and to its difficulties 
and that a common method should be adopted. 

'rhe subject is intimately related to the work of the chemist 
who has to carry out the chemical analysis of the coal or the 
determination of its calorific value, and it is natural to suggest 
that wherever possible the chemist should have charge of the 
op(-ration of sampling, or that he should be present while it is. 
lieing carried out. As much care should be expended on the 
operation of sampling as upon the actual anal}'sis of the coal, 
tind the cost of obtaining the sample should not be less than 
that of the analysis. 
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It h obvious that unless the sample taken from the whole 
consignment of the coal is representative of the entire weighty 
the values found the anal 5 ^st will not represent those of the 
whole consignment The results of inaccurate sampling are 
extremely far reaching and^ in addition to the financial loss 
which may be entailed, much trouble may be caused by the 
fact that the results of practical tests on the coal will not agree 
with the figures obtained by the anal}st. The results of boiler 
trials and inaccurate heat balance sheets arc frequently ex¬ 
tremely difficult to explain, and one of the chief sources of the 
disagreement lies in the fact that the coal used in the trials is 
different in calorific value from the actual sample sent for 
valuation by the analyst 

The only method by which such errors can be eliminated 
is to place the whole operation of collecting the sample under 
the most stringent supervision. 


Principle underlying Sampling and the possible enors. 

To be tiuly representative of the whole weight of an\ (‘on- 
signment of coal, a sample should not only contain a portion 
from ever}-- different part of the coal, but also the correct pro¬ 
portion of large and small coal, and of large and small pieces 
of foreign matter or impurities. 

The eriors introduced by the above requirements being 
overlooked are far greater than those possible even by slipshod 
chemical analysis, and the following example quoted by Bailey 
(Jour Ind Eng Chem. 1909, p 1(>1-17H) shows the variations 
in the percentage of ash present in coal which are possible h} 
improper sampling (The methods of sampling adopted in 
this case were seemingly correct.) 

Three tons of coal (lun-of-mine) were collected in a heaj) 
and then shovelled into barrows ; from each barrow. wJien 
full, 16 separate shovelsful were taken and placed m 16 separate 
sampling barrels. This process was repeated until each of the 
barrels contained about 1251bs. The 16 samples were treated 
in exactly the same manner ; each was broken into .small pieces, 
mixed thoroughly, and then quartered repeatedly until a small 
sample, suitable for analysis, was obtained. 
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The percentage of abh present in each uf the 1<) samples 
was then determined, with tlie result that a difference of *3*24 
per (ent. was found between the highest and lowest determina¬ 
tions, the a\erage ash content being per cent. 

It is clear that although each of the above samples appear^ 
to ha^'e been obtained iii a similar manner, the percentages of 
ush present in certain parts of the coal must have differed widely 

The explanation of the variation lies m the fact that a proper 
proportion of large and small coal and lump and small foreign 
matter was not obtained in removing the sho\clsful from the 
different barru\\sful 

The following examples, which have come to the Author’s 
notice during the past Lour years, are chosen as representing 
tyi)i<'al examples of inai<’iiralc sampling •— 

(i) A sample, weiglnng about IJlbs , was stated to l>e a 
representative sample of a consignment of some hundreds of 
tons. The sample was in tlie form of a fine powder, but con¬ 
tained two large pieces of stone, each weighing 1 oz. Ihe 
sample was analysed with and without the piei es of stone 
present, with the following results 

Per cent 

Ash with the stone present . .. 20-h 

Ash with the stone removed .. .. 12*2 

Tlie two pieces ot stone vv^ere added as the sample was taken, 
on the assumption that the} represented a proper proportion 
of the stone present in tlie coal. If the consignment had con¬ 
tained the amount of stone represented by the two pieces, each 
ton would have had about li cwt. of white stone in the form 
ot lumps , actually it contained very little 

(2) An Engineer responsible for a boiler insUillation waii 
invited to submit a sample of the coal he was usipg for analysis. 
Permission was then obtained to take a representative sample 
of tlic same coal. The following results were obtained : 

Per cent. 

Ash present m Engineer’s sample .. 5'0 
Ash present in a representative sample., 15-0 
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(6) A sample received for analybiu weighed about 4 oz and 
was said to be a sample of coal received from five collieries. It 
was stated to have been obtamed by taking a handful from a 
heap of each of the different consignments of t oal, and mixing 
the specimens together. 

The samples mentioned above are quite valuelesa, and suffer 
especially from the fact that the weight of the sample is too 
small to have represented the total weight of coal. 


W^eighi of the Sample, 

The greater the weight of the sample, the more rcprcscntativ v 
it will be of the bulk weight of the coal, thus the errors due to 
the weight of the sample are shown in the following table 

Weight of sample Actual error in the 

Pounds percentage of ash. 

125.3-2^1 

250 .l-Ol 

600 . 0-9:; 


The wider the variation in the size of the pieces of coal, 
the larger must be the sample , this also applies to the foreign 
matter present Bailey has shown {loc. cit) that the weight 
of the sample should bear a direct relationship to the size ol 
tlie largest piece of foreign matter present, and to insure an 
error of less than 1 per cent, in the ash present in the sample, 
the following must be adhered to 


Size of largest piece 

Original sample 

of slate (or shale) 

must weigh 

m inches. 

Pounds. 

4. 

.. 

3 . 

.. 12,500 

2 . 

.. 

li. 

.. 1,900 

n . 

.. 1,200 

1 . 

600 

i . 

230 

i . 

90 


0 










As a rule it is considered that the gross sample should be 
from l/4()th to l/80th of the total weight of coal This rule is 
quite satisfactory so long as the gross sample does not exceed 
about l,0001bs. When it does exceed that amount, the inac¬ 
curacies introduced durmg crushing, mixing, and the quartering 
of the sample become excessive. 

The weight of coal earned by an ordinary coal shovel vanes 
from 12lbs to 251bs., and this is generally accepted as the smallest 
unit to remove during sampling, when dealing with lump coal. 
In the case of slack or small washed coal up to nut size this 
weight is too great, and a smaller shovelful of about 51bs. should 
be adopted as the unit for the sample. When dealing with 
large lumps a number should be broken and the unit taken 
from the broken portion. This should be repeated wherever 
the lump, which should be removed as part of the sample, has 
a greater weight than the unit weight of the sample. 

Difficulty will be experienced in detennining the most 
suitable weight for the gross sample, but it should be assumed 
that the smallest weight is l,0001bs. for bulks weighing about 
100 tons, % e.j about 1 part in 200. The weight of the sample 
should not be reduced much below 2601bs, for a truck of coal; 
for, assuming that a shovelful of coal weighs L^lbs., this means 
that only 1() units are collected from 10 tons of coal. Either 
the samplmg shovel should be reduced in size or a larger gross 
sample should be collected If dealing with lumps the former 
IS not sound, hence a larger sample is desirable If a number 
of trucks of coal from the same source have to be sampled, the 
weight of the sample, say l,0001bs., is determined upon and 
the necessary fraction is taken from each truck. A separate 
gross sample should be collected for each distmct change in 
the type or source of tlie coal Further, it is more accurate 
to take a number of gross samples and deal with them separately, 
than one sample, and have the sampling proportion very high. 
A sample of about l,0001bs in weight is large enough for most 
practical purposes, but larger weights can be^handled with ease 
if a mechanical sampler or a small coal crusher is available (see 
liage 14). 

In obtaining the gross sample great care must be exercised 
to easure the presence in it of the proper proportion of large 
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and small coal and of large and small impunties. This may 
be checked approximately by carr}^ng out a test before the 
sample has been crushed to determine what proportion of the 
sample will pass through^ say, a sieve of jin. mesh This 
test indicates the proportion of small coal present in the consign¬ 
ment ; it also forms one of the simplest checks on any further 
deliveries. If the percentage of fine coal differs widely from 
that present m the original sample, then ^'ariation in the quality 
may be expected. 

In the Standard Coal Specification (see page 12) there is a 
clause specifying the limiting percentage of small coal permitted 
in deliveries of coal. The methods of testing are indicated 
in the following table, showing the requirements for Bituminous 
Coals, washed and dry screened from Durham and Yorkshire 




Size of 

Percentage of 


Moisture 

Square 

Small ( oal 

Dry Screened Coals 

L Double Kuts 

Per cent 

Mesh 

pas.sing through 

12,750 B.T.U 

5 

im. 

.. 17i 

2. Single Nuts 




12,500 B.T U 
.3, Peas 

<> 

gin. 

. 25 

12,250 B.T.U. 

r> 

lin 

.. 25 



Size of 

Percentage of 


Moisture. 

Square 

Small Coal 

Washed Coals. 

Per cent. 

Mesh. 

passing through. 

1. Washed Double Nuts 



13,250 B.T.U. 

8 

Jin. 

.. 15 

2. Washed Single Nuts 



13,000 B.T.U. 

9 

gm. 

. 174 

3. Washed Peas 



12,750 B.T.U. 

10 

lin. 

20 

Taking the Sample, 





It is practically impossible to obtain a rcpresentati\ e sample 
from the siiifacc of a heap of coal, and this applies to all 
stationary masses of coal (trucks, barges, carls, Tlie 
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only satisfactor} method is to collect the sample as the coal is 
being distnbuted in small units or collected in a large mass, by 
jsuccessive small increments , this applies^ to every case. Thus, 
the sample should be obtained by taking a shovelful from each 
barrow or small truck as the coal is being removed from, say, 
a railway truck or barge, or a sho\'elful should be taken dunng 
unloading and collected in a special box or barrel. It should 
he recognised that when coal has been transported or undergone 
iinv vibration when in the mass that a large proportion of 
tlie fine material will ha\^ found its w'av to the bottom of the 
mass 

In order not to mteifere unduly with the work of the men 
unloading, it is preferable to let a special man take a shovelful 
as the barge, truck, or cart is gradually unloaded or loaded, 
the sliovelful being taken as regular fractions of the bulk are 
removed or added It is by this means only that portions 
from e\er> part of the mass of coal can be obtained, and that 
a proper fraction of the large and small coal can be ensured 

When samples are required to represent a seam of coal, by 
far the most satisfactor}’ solution is to cut a pillar of coal through 
the whole depth of the seam, about Om wide, and hin to 8m. 
deep, and including a portion of roof and floor This is then 
placed in a box constructed for the purpose, slightly larger 
than the pillar of coal, and the whole kept m position b} w^ooden 
wedges and clean straw Each break in the coal should be 
marked with a wdute number from the roof to the floor 
Such samples have been obtained from seams 9ft thick, and 
the e\haustive examination of the coal could be earned out 
with complete confidence Sections should be obtained wher¬ 
ever any visible change in the seam occurs or at stated 
intervals The results obtained by the analysis of such 
samples, combmed with routine analysis of the output, enables 
the colliery to keep a complete check on the process of 
purification of the coal and on the complaints of consumers. 

Trealnmil of Groi^s Sample, 

During the period of collection the sample should be stored 
in a situation which is free from dust (especially coal dust), 
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rain, draughts^ and not bable to rapid changes df temperature. 
A covered barrel or box is suitable for the purpose, or a small 
room or covered shed. 

After the sample has been obtamed it must be mixed fre¬ 
quently and efficiently, and crushed at intervals. It is a great 
convenience, therefore, to place the sample upon a sheet-iron 
sampling plate on which it is possible to crush the coal. A 
“ pimner ” or large hammer will be found to be one of the most 
handy forms of coal crusher for this coarse grinding The 
process of crushing, &c, should not be carried out on a 
brick or stone floor if there is any chance of foreign matter 
being introduced from this source. A second method is 
to place the whole of tlie sample on a tluck c^vas, cloth 
sheet (coarse satin), or tarpaulin, on which it niu}^ be 
crushed by means of the punner or hammer; the coal may 
also be mixed by bringing the corners of the sheet across and 
back again and repeating the operation a number of times. 


Coning and Quartering. 

To ensure perfectly unbiased mixmg of the gross sample 
and at the same time to reduce its weight until it is convenient 
for the laboratory, the following process of coning and quartcnng 
must be rigidly observed 

The sample is tlioroughly mixed and thrown into a heap 
having a circular base by means of a shovel, -the coal being 
allowed to fall to the natural angle of rest. The heap will form 
a rough cone. 

The cone is now completely flattened, and the flat heap 
divided into four separate quarters by cutting two distinct 
trenches through it at right angles to one another. Two 
opposite quarters are removed and rejected, the dust from them 
being cleared away by means of a brush. The remaining two 
quarters are collected together and intimately mixed by the aid 
of the cloth. The coal is again thrown into a cone and tlie 
proccbS of quartering repeated until the residue is llic de-jirecl 
weight. 
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In carrying out the above operation it is necessary to crush 
tlie coal as the weight of it decreases. 

The following table shows the size tq which the sample 
should be broken in order to eliminate errors during the reduction 
of the weight of the sample. 


Weight of Sample to be 

Greatest Size of Pieces of 

Quartered. 

Coal and Foreign Matter. 

Pounds 

Inches. 

n ,800 

li ^ 

1,200 

1 

460 

i 

IdO 

i 


2 mesh. 


4 „ 


8 „ 

i 

10 „ 


Laboratory Sample. 

The above pnnciple cannot be ignored in the laboratoiy^j and 
the following are the limits beyond which the samples should 
not be quartered for various sizes of the pieces of coal — 

The sample should not be 

Size of Coal reduced to less than 


Mesh. 


Grams. 

2 


8,300 

4 


1,100 

8 


120 

10 


55 

20 


3 


When the weight falls to about 4()lbs. the sample may" be 
sent to the laboratory^ or be crushed so as to pass through a 
sieve of four meshes to the linear inch, and its weight reduced 
to about IDlbs. It should then be divided mto three portions, 
the first for the laboratory, the second to be sealed and preserved 
in case of disputes, and the third to be sealed and preserved 
for examination l^y a neutral expert in case tins becom^ 
necessaiy For most practical purposes the last sample is 
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omitted, but the two former are essential owing to the \ ariatioiis 
which may occur during the storage of the coal. A complete 
history of the sample should be attached to iL and be added 
to the analyst’s report. 


The following is the clause on sampling from the Standard 
Specification on coal which was prepared by a committee 
representing the principal London firms of Coal ('onlractors 
and the Associated Mumcipal Electrical Engineers of Greater 
London (Coal and Iron Trades’ Review, 28th March, 3 918):— 

“ A representative sample shall be taken on delivery frfun 
each and any consignment and shall be divided and sealed in 
three au"-tight vessels. The contractor shall be at libcrt\- to 
be represented when the sample is taken and shall be entitled 
to one portion thereof. The contractor shall Jm^'c no oppor¬ 
tunity at a later date of objecting to the manner in which the 
coal has been sampled.” 


Samples may be preserved in porcelain or glass,jars fitted 
with patent air-tight lids {e g. preserve bottles); samples to be 
used for analysis should, however, be kept in glass-stojipered 
bottles. 

It is important to recognise that precautions must be taken 
m the preservation of coal samples in order to prevent any 
vanation in the moisture present. 

It may be pointed out that recent experiments ha\'e shown 
that the percentage of moisture in coal varies with the degrct^ 
of humidity of the air, and that tJic change takes place >'er 3 ' 
rapidy, depending upon the weight of the sample and its stati‘ 
of division. In certain cases it has been found that the per- 
cen^e of moisture in coal may vary by at least 0-5 per cent, 
during a period of six hours. 

The following figures, from among others, are (|uoted U» 
emphasise this point — 
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Coal 

Mesh 

Time 

Moisture 
per cent. 

Degree of 
Humidity. 

Arley (Wigan) .. 

.•{O’b . 

. am. 

. 2-19 

. 88^ 

jf • • 

1) 

. 7-0 pm. 

.. 2-08 

. 7.‘b0 


iJSO’s . 

. 9-4() a.m. 

.. .*}-03 . 

. 88-0 

}} • • 


. 7-0 p.m. 

. 2-SO . 

7.‘b0 

Indian .. 

:Ws . 

. 10-40 a.m. 

. 4-30 

. 73-5 

,1 


. .‘1-60 p.m 

.. 4-75 . 

79-5 


2(X)’s . 

. 10-40 a m. 

. 4-3() . 

. 73*5 

Peat 


O-50 p.m 

.. 4*7H . 

79-5 

30’s 

. 9-20 am 

. 14-40 . 

. f)8-8 

,, 

f) 

. .‘1-46 p.m 

13-75 . 

. f>.3*0 


200’s . 

. 9-20 a.m 

13-HO . 

()rt-8 

,, 

9> 

. ‘J-46 p.m. 

. 13-04, . 

63-fi 

{Sijwati and B. 

Moore, unpublished paper,) 


The sample for use m the laboratory" must be crushed so as 
to pass through a sieve of 20’s mesh, and it is important to 
notice that in all the crushmg and gnnding the whole of 
the sample should pass through the sieve It is well known 
that with certain types of coal the foreign matter can be 
powdered more readily than the coal, whilst with other coals 
the reverse is true It follows that a portion of the coal should 
not be rejected if, during sieving it is found to be difficult to 
powder. It is the practice in certam laboratories to sieve the 
sample during grinding, and when the weight required has passed 
through the sieve, to take this for the analysis, and reject the 
residue. This yields results which do not represent the actual 
bulk of t)ie coal in any respect. 

The grinding of a small quantity can be carried out m a 
grinder of the type of a coffee mill, but care should be taken 
to obtain one which can be easily dismantled for cleaning pur¬ 
poses or be of simple design An air blast will be found an 
efficient method of cleaning such apparatus. 

For certain of the chemical detemunations {i.e for the 
estimation of nitrogen and sulphur) it is convenient to have the 
ooal in a very fine state of division, and a grinder which has 
been found to be very useful is a small ball mill. Such a mill 
consists of a porcelain cylinder about bin. diameter and 8in. 
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tong, partly filled witli irregularly-shaped porcelain balls. The 
cylinder may be made to revolve at any desired speed. If 
required, coal can be powdered so as to pass through a sieve 
of as fine as 200’s mesh in a few hours. It is possible to grind 
coal in such a mill without continually exposing it to the air, 
and, m consequence, little change due to oxidation takes place 
in the coal during the process. 


Mechanical Sampling. 

The methods of samphng described above are those which 
C3,n be carried out by hand. The efficiency of the operation 
IS increased by the use of the following plant:— 

A mechanical coal crusher, by means of which the coal can 
be broken to any degree of fineness. 

A riffie, by which the operation of coning and quartering 
can be eliminated. 

A machine of the type of the Sturtevant Coal Crusher and 
Sampler. The operation of sampling is greatly simpbfied, and 
larger samples can be easily treated. This machine consists 
of a coal crusher to which is attached an arrangement for taking 
any desired fraction of the coal passing through the crusher. 
The degree of fineness of the coal may be vaned by a simple 
adjustment. The madiine will deal with up to one ton per 
hour. In samplmg with the machine it should be recognised 
that the coal must be intimately mixed before it is fed into k. 
The fraction of tlie gross sample separated should nlso lie 
thoroughly mixed. 

When large weights are being dealt with, it is advantageou‘i 
to pass the sample through the plant a number of times and 
thus gradually decrease its weight, the coal should be mixed 
between each of these treatments 
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The chief part of the Board of Trade leaflet on Coal Sampling 
,s attached for reference, as it is not possible to rnake an abstract 
Df an adequate nature — 


COAL SAMPLING FOR ANALYSIS. 


Hints on the best method 
1 General, 


ojobtaining thoroughly 
Samples, 


representative 


The importance of ascertaining the Calorific Value of fuel 
used in an>^ particular works cannot be over-estimated It is 
cjuite impossible to control intelligently the thermal efficiency 
of any plant unless means are taken to establish the Calorific 
Value of the coals use'd. Far too little attention has hitherto 
been paid to the question of samplmg, whereas, hamever carefully 
the analysts is taken, the final result will he of little value unless 
a thoroughly representative sample has first been obtained When 
one considers that the heat value of a particular consignment 
of fuel IS ultimately determined on about one ten-thousandth 
part of a 201b. sample, it will be appreciated how easily an 
error of 1,000 to 2,(X)0 B.Th U *s can be made if the sampling 
IS not carefully attended to. 

As indicating the importance of the necessity for careful 
sainphng the followmg mstance may be given :— 

A slack coal recently received from a Midland colher}’' gave 
no indication from appearance of being anj'thing abnormal. 
'On separating the small from the large, however, the small was 
found to contain 10 per cent, of ash, whereas the large contained 
to per cent of ash. What would be the worth of an analysis as 
repiesenting the heap from which a sample had been taken if the 
proportion of large and small received in the laboratory had n f 
been representative of the large and small in the heap 7 Let us 
ii'isume that in the heap from which the sample was taken the 
percentage of small was 26 per cent. This would give a total 
ash content of 32*6 per cent.', namely, 25 per cent, with 10 per 
cent, of ash and 75 per cent with 40 per cent, of ash. Now, it 
llie sample sent tathe laboratoiy^ contains 76 per cent, of small, 
the total ash content of the sample would be only 17-5 per 
cent., namely, 75 per cent, at 10 per cent and 25 per cent, at 
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40 per cent It will be seen at once that the Calorific Value 
as disclosed by the laboratory would vary tremendously in the 
two samples referred to 

2. Hm 1o take Preliminary Samples. 

To obtain as nearly a representative sample of the bulk as 
possible the following procedure should be adopted .— 

(a) Large Screened Coal 

The sampling of large screened coal is perhaps th6 
most difficult with which the fuel analyst has to contend. 
The consignment may contain anything from Sin. or 
(>in. cube up to 12in., 15in., or even larger pieces. The 
best plan is by carefully inspecting a consignment of, 
say, 10 tons, to pick out fairly representative pieces 
to the extent of about 10 per cent. These pieces should 
then be broken, and again, by a further selection, about 
10 per cent, separated from the bulk. This smaller 
sample should be further broken and thoroughly^ mixed, 
after which a final sample of about lOlbs can be selected 
for the laboratory. 

(b) Large Unscreened Coal {Through and Through). 

Separate about half a ton into two heaps, one con¬ 
taining the large and the other the small, in order to 
ascertain their respective percentage by weight. If, 
for instance, the coal contains 50 per cent of large and 
50 per cent, of slack, a proportion of the larger pieces 
should be dealt with as described under the lieading 
of “ Large Screened Coal,^' and the slack dealt with in 
a similar manner to that described below. 

(r) Graded Coal {NutSy Beans, Peas, 6't.). 

Tliis is the simplest class of fuel from whieli to obtain, 
representative samples, as a few shovelfuls from vaiious 
parts of the main heap are all tliat is usually necessary. 

(d) Slack Coal. 

To obtain a really reliable sample of slack cotil from 
a given heap it is advisable to start with a fairly large 
quantity. Where trucks or carts are being (‘ontinually 
received and unloaded three or four or more shovelfuls 
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of the fuel should be taken from different parts of each 
joad and thrown on to a common heap. When the 
testing sainple has to be taken this heap should be 
carefully trimmed round at the edges, the coal so tnmmed 
being thrown mto the centre so as to form a rough cone. 
Thas cone should then be flattened by means of a straio-ht 
board twisted across the top of the keap until it becomes 
5 say, 2ft. thick. This should then be 

divided into four, or what is kno\vn as quartering ’’ 
u ^ j opposite segments removed. The remainder 
should then be remixed and treated as before to obtain 
a final sample of about 201 bs. weight for slacks of lin. 
and under, or 40lbs weight for rougher slacks 

Weight of Samples for Laboratory Tests, 

The final sample forwarded to tlie laboratory should never 

be less than lOlbs. in weight, and m dealing with difficult fuels_ 

amongst which are included nearly all slacks—it is desirable 
to increase this up to 201bs or even 401bs. 

4. Ho7ii} to Deal loitJi Laboratory Samples. 

^ We will describe the best method to be adopted with a 
difficult sample of slack fuel at some length. With crushed 
coal and more consistent grades experience will show that 
some of the stages ma}' be omitted, but it is best to begin with 
too much attention to detail rather than too little 

Before attempting to reduce the sample as submitted to 
the laboratory to suitable dimensions for actual test, it is 
essential that the surface moisture should be taken from it. 
This can best be done by recording the weight of the whole 
sample, wffiich should then be left on a large tray spread out in 
a very thin layer for,^ say, hours This air dr} mg is necessar}^ 
for two reasons . Firstly, the total moisture cannot otherwise 
be correctly ascertained, as the coal will be losing moisture 
during sampling; and, secondty, it is otherwise impossible to 
get a good mixture, as tlie small damp coal and soft shale will 
cling together and not mix with the dryer coal when it is ground. 

It is wrong to rob the laboratory sample of a part for separate 
moisture determination, as is frequently done, inasmuch as this 
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would liave to be done with little or no crushing of the larger 
coal, and would not only be unrepresentative of the remaining 
moisture content, but may also be robbing the remainder of 
an undue portion of either clean coal or shale 

After being exposed, as suggested above, for i8 hours in the 
room m wliich the further sampling is to be carried out, the 
coal will be at equilibrium with the atmosphere, and in this 
condition can be safely ground and mixed without either losing 
or gaining moisture. 

Grading the Sample. 

It is often very difficult to thoroughly mix a sample of ground 
coal weighing 20lbs. It may be thought that if the whole 
sample is ground and mixed that no better way can be adopted. 
This IS not so. If such a scheme is adopted it will be found that 
after several hours’ stirring and mixing has taken place, streaks 
of vaiydng colour indicating varying quality will still remain, 
and It is quite impossible to take the two ground Calorimeter 
Samples from any part of the 201b. heap and be sure that they 
fairly represent the bulk. 

The following will be found a ver\' satisfactory method of 
overcoimng this difficulty :— 

Separate the 201b. sample by means of sieves, carefully noting 
the weights and proportions of each. The following is an ex¬ 
ample of the method :— 

Proportion 
per cent. 

(a) Over iin. and under 2in in size, say 51bs, 25 

(b) Over Jin. and under Jin. in size, say 31bs. 15 

(c) Over Jin, and under Jin. in size, say •tlbs. 20 

(d) Under Jm. in size . .. say 81bs. 40 

2()lbs. 100 

It will be evident that one should not expect to find tlie heat 
value of all these grades similar. This will particnhiriy apply 
when comparing the Jin. to 2in, sample with the under Jin. 
sample. In some cases the fine coal contain.^ more heat units 
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than the larger coal, but in the majonty of cases the fine contains 
a large amount of dirt^ and consequently is of lower value. 

These heaps can be now furtlier reduced, dealing first with the 
very fine. After thoroughly mixing, carefully weigh out 25 
per cent, and place in a labelled covered tin. The remaining 
heaps of the larger grades should then each in turn be thoroughly 
ground and mixed. This can best be done by means of a “ Spong 
No. 5 ” Coffee Mill. Each grade should be treated separately, 
and, after gnndmg, passed through the iin. mesh sieve. Twenty- 
five per cent, by weight of each should then be taken and placed 
in a separate labelled tin in the same way as the fine coal. 

We should now have four tins containing a total weight 
of 51bs. of coal, and are sure, so far, of having a proportionate 
amount of the better and mferior (large and small) coal This 
we could not have been so sure of had we ground the whole 
201bs., mixed it, and then taken out 51bs. 

Final Samples, 

The next step is a still further reduction of the sample for 
analysis. Taking the first tin —This should all be ground to 
pass tlirough a sieve havmg 30 meshes to the inch, thoroughly 
mixed, and 25 per cent of the total taken and placed in a covered 
tin. The other tins should then be treated in a similar manner 
separately ,• 25 per cent, of each, after havmg been passed 
through the 30 mesh to tlie inch sieve, to be added to the first 
sample. We are now certain of having one-sixteenth of the 
various grades of coal which were delivered to the laboratory 
in the original sample. 

The next step is to thoroughly mix this remaining sample, 
and after taking a fair quantity of this for moisture determma- 
tion—to be added to the amount already determined by air 
diydng—take about a quarter of it, and with the use of a pestle 
and mortar pass the whole of this quarter through a sieve havmg 
<>() meshes to the inch. As with some coals, a loss of about 
'5 per cent, occurs through dealmg with small quantities at a 
time with the pestle and mortar in passing this sample through 
l/OOin. mesh, it is advisable to determine the moisture content 
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on part of the sample before passing through the l/60in. mesh. 
In any cose this will be a check with moisture determination 
in the final sample. 

Too much importance cannot be attached to seeing that the 
whole of this final sample passes through the sieve, for the more 
friable particles—which usually consist of clean coal—^will more 
readily break up and pass through the fine meshes, leaving the 
harder particles—generally shale—^behind ; and if these are 
not broken to the same fineness and mixed with the remainder, 
the sample will be spoilt. 

After thoroughly mixmg this very fine coal on a sheet of 
glazed paper, we can take our samples, which must, of course, 
first be dried, for the Calorimeter Test and Analysis, from any 
part of the heap, and if the difference obtained from such samples 
exceeds *2 per cent, for the former or •! per cent, for the latter, 
something must be wrong with the operation of determining 
the heat value or analysis, and the error should be looked for in 
this direction. 

Although this operation of sampling may suggest loss of 
moisture dunng the whole penod, on actual tests this loss has 
not exceeded • 5 per cent, even on a coal containing as miu’h as 
12 per cent, of hygroscopic moisture, and the smaller the 
quantity of hygroscopic moisture contained in a coal, the less 
chance there is of losing any moisture by this method. The 
maximum loss of • 5 per cent, on a coal of 12,(>0O B Th.U.’s amounts 
to 60 B.Th.U.’s, which is negligible when compared with the 
much greater error which can be introduced by incorret't 
samplmg. Further, one has to remember that there will fre¬ 
quently be a loss of moisture during the original sampling belorc 
the coal reaches the laboratory. 
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PREFACE 


The object of the Research Association is to place at the 
disposal of the Lancashire Coal Industry the maximum amount 
of scientific information^ either original or eclectic. 

In our instructions to the Director of Research^ we have 
emphasised the fact that the results of research carried out in 
our laboratories should be published as early as possible, con¬ 
sistent with accuracy. In consequence, some bulletins may 
appear somewhat incomplete, but as most of the research is 
to be contmued, further results will be published as they are 
obtained. 

It is not our intention to allow work to accumulate, and 
publish it in lengthy reports or papers^ but to place useful and 
reliable information before the industry quickly in a convenient 
form. 

'v. We welcome any suggestions or criticisms on the publica¬ 
tions, which should be addressed to F. S. Sinnatt, College of 
Technology, Manchester. 

R. A. BURROWS, 

President of the Lancashire and Cheshire 
Coal Research Assoaation. 

Atherton Collieries^ 

Atherton, 

near Manchester, 


THE INFLUENCE OF THE ADDITION OF 
INERT MATTER UPON THE VOLATILE 
MATTER EVOLVED WHEN COAL IS HEATED 


Apart from tlie ultimate analysis^ the determination of 
calorific value, the agglutmatmg value, and the results obtained 
by treating coal with solvents, comparatively few tests are 
available which enable the analyst to gam an insight into the 
properties of coal. It is suggested that the curves obtained 
by the method described in this bulletin may serve as an addi¬ 
tional “ characteristic for coal. The results of the study 
may also be of some interest m connection with the subject 
of the stone dusting of mines, as indicating that the percentage 
of volatile matter which a coal evolves under the conditions 
of the ordinary volatile matter test, may not be a measure of 
the amount which the coal will evolve when mixed with mert 
matter (stone dust). 


Introduction, 

The influence of the foUowmg factors upon the percentage 
of volatile organic matter evolved when coal is heated has been 
studied: 

I. The degree of fineness of the coal. 

n. The addition of inert matter of varying degrees of 
fineness. 

III. The addition of inert matter to coal in varying pro¬ 
portions. 
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Literature, 

According to Somermeier (J Am. Qiem. Soc., 1916, 26 , 
1,002), the percentage of volatile matter given off is greater 
with large coal than when the coal is ground to a finer state of 
division, and, in his paper, the following results are quoted :— 

Table 1 . 



Moisture. 

Volatile Matter, 
per cent 

1/4—1/10 .. 

1-16 

39-06 

1/10—1/20 .. 

1-46 

38-80 

1/20—1/40 . 

1-70 

38-66 

1/40—1/80 .. 

1-90 

38-06 

1/80 and finer . 

2-06 

36-64 


He states “ that finer ground samples give somewhat lower 
volatile matter than coarse samples.” 

Some doubt having arisen as to whether these statements 
were true for all coals, especially for caking coals, the following 
experiments were carried out, using various caking coals, and 
I it will be seen that with an increasmg degree of fineness of the 
; coal, there is a slight tendency for an increased percentage of 
‘ ^ . volatile matter to be evolved. The figures are quoted in order 
S" 'to clear the groxmd for the matter which follows, but it will be 
. observed that the influence of this factor upon the volatile 
f matter evolved is not so pronounced as that caused by the 
addition of inert matter to the coal, as shown in the later part 
of this buUetm. 

1. The Injiuence of the degree of jineness of the coal. 

Three separate samples of coal, from three distinct seams, 
were selected, with the special object' of eliminating any dis¬ 
turbing elements in the form of inert matter. The coals pos¬ 
sessed the property of grinding homogeneously, i.e., the coal 
and the ash pulverize at approximately the same rate. It 
may be pointed out that the error introduced by the influence 
of the ash upon the determmation of the volatile organic matter 
is smaller than the experimental error, and consequently the 
coal may be considered to be free from external influences, 
which might detract from the accuracy of the results obtained 
in the experiments. 
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The proximate analyses were as follows :— 


Percentage. 

Table 2. 

No 1 Coal. 

No. 2 Coal, 

No. 3 Coal. 

per cent. 

per cent. 

per cent. 

Moisture .. 

1-1 . 

2-0 .. 

2-7 

Ash. 

3-2 . 

6-1 .. 

3-6 

Volatile Matter .. 

33-3 . 

. 33-6 .. 

26-5 

Volatile Organic Matter. 

32-2 . 

. 31-6 .. 

23-8 

Coke . 

. 66-7 . 

, 66-6 .. 

73-5 

Fixed Carbon 

. 63-5 . 

. 61-4 .. 

69-9 

Two pounds of an average sample of each of the 

coals was 


ground to pass through a sieve of 1/10 mesh, the whole of the 
sample bemg made to pass through the sieve; it was then 
intimately mixed and divided into five equal portions. The 
first portion was re-sieved, and that which passed through a 
1/30 sieve eliminated. During the grinding every attempt 
was made to crush the coal in such a manner that a minimum 
amount only passed through the sieve having the finer mesh. 
The whole of the particular portion was treated in this manner. 
Determinations of the ash in the material passmg through the 
sieve of smaller mesh showed that there was practically no 
change in the percentage of ash present. Each of the five 
portions was treated m a similar manner, for each succeedmg 
tier of sieves, the sizes taken being 1/10--1/30; 1/30—^1/60; 
1/60—1/90 ; 1/100—1/200, and through 1/200. The volatile 
matter was then estimated in each of the separate portions, with 
the results shown below.:— 

Table 3 
No. 1 

Degree of Volatile 

Portion. Fineness Organic 

of Coal. Matter. 

per cent 

1 ..1/10—1/30.. 32-2 

2 .. 1/30—1/60 . 32*2 

3 .. 1/60—1/90 .. 32-6 

4 ..1/100—1/200.. 32*9 

6 ..1/200 & finer .. 33*4 


No. 2 

No. 3 

Volatile 

Volatile 

Organic 

Organic 

Matter. 

Matter. 

per cent. 

per cent. 

31-2 .. 

24-1 

31-6 .. 

24-2 

31-3 .. 

261 

31-6 .. 

24-9 

32-0 .. 

26*3 
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(Volatile organic matter or volatile combustible matter is 
obtained by deducting the percentage of moisture from the 
volatile matter.) 

From the above results, it would appear that there is a slight 
increase in the percentage of volatile organic matter evolved, 
the finer the state of division of the coal. 

It may be observed that the conditions under which the 
experiments were carried out were made as standard as possible, 
attention bemg paid to the following details, which are liable 
to variation. The calonfic value of the gas was constant; 
the same platinum crucible and bunsen was used in all the tests, 
and the bench on which the experiments were carried out was 
completely sheltered from draughts. 

The method adopted was that of the American Coal Com¬ 
mittee (J. Am, Chem. Soc., 1899, 21, 1,119). One gram 
of the coal was placed m a platinum crucible weighing 20 
or 30 grams, and having a tightly fitting cover. It was heated 
ovef a full bunsen flame (Sin. high) for exactly seven minutes, 
allowed to cool in a desiccator, and re-weighed. Repeated 
determmations carried out in blank experiments showed the 
temperature of the coal in the crucible to be 700® C. to 705® C. 
at the beginning of the test, and 720° C. to 728® C. at the end 
of seven minutes* heating. The temperature was ascertained 
by means of a standardised platinum platinum-rhodium couple, 
in conjunction with a portable indicator made by the Cambridge 
Scientific Instrument Company. 

2. The dddttioH of inert tnatter of varying degrees of fineness* 

The influence of varying the size of the inert matter used 
upon the percentage of volatile matter evolved was determined 
in one specimen of coal. One unit of coal powdered to pass 
through a 1/60 sieve, and be caught by a 1/90 mesh sieve, was 
mixed with four units of inert matter (electrode carbon) of 
varying degrees of fineness. One gram of the resulting mixture 
was then carbonised. 


f. 


a: 



Table 4. 


Size of Inert Matter 
(electrode carbon). 
1/10—1/30 .. 
l/30_»l/60 .. 
1/60—1/90 .. 
1/100—1/200 
1/200 and finer 


*Percentage of Volatile 
Organic Matter Evolved^ 
calculated on coal taken. 
28-6 
29-0 
29-4 
29-4 
29-6 


* Mean of three determinations for each experiment. 


3. The addition of inert matter to coal in varying proportions. 

It appeared necessary to carry out the above experiments 
in order to show that the degree of fineness of the coal, and of 
the inert matter, did not interfere with the results obtained 
during the determination of volatile organic matter. 

The main object of the paper is to examine the influence 
of the addition of inert matter upon the volatile organic matter 
evolved, when coal is heated. In order to ensure that this 
was the only factor in operation in all the experiments, each 
sample of coal was graded to the same degree of &eness, namely, 
to pass through 1/60 and be caught by a 1/90 sieve. In the 
first place three distinct types of inert matter were experimented 
with—pure white Calais sand, in order to test the influence of 
silicious material; coal ash, obtained from the same coal upon 
which the experiments were carried out; electrode carbon, 
which, when experimented upon under the conditions of the 
usual volatile organic matter test, yielded no volatile organic 
products. 

One unit weight of coal was intimately mixed with varying 
multiples of its weight of inert matter, which had been powdered 
to pass through a 1/60 sieve, and be caught by a 1/90 sieve. 
One gram of the resulting mixture was heated under the standard 
conditions described earlier in the paper. The percentage of 
volatile organic matter evolved from the coal was then deter¬ 
mined. 

The first specimen of coal examined was Arley (Wigan). 
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Table 6. 


Ratio of inert 
matter 

(I'lw'trode carbon) to coal. 

0 

1 

2 

3 

4 

5 
(i 

7 

8 

9 
12 
Hi 
20 

Table 

Kuti<j of inert matter 
(While sand) to coal. 
0 
1 
4 
8 

10 
12 
10 
20 

Table 

Ratio of inert matter 
(coal ash) to coal. 

0 

1 

4 

9 

The above results are plotted i 


Percentage of volatile 
organic matter evolved, 
calculated on 
weight of coal. 

31- 2 

32- 3 

32- 9 

33- 7 

36-0 

35- 9 

36- 6 

30- 9 

38- 7 

39- 7 

40- 2 
40-8 
41*0 

Percentage of volatile 
organic matter evolved, 
calculated on weight of coal. 

31- 2 

34- 1 

36- 3 

37- 2 

38- 7 

38- 6 

39- 1 
39-6 

Percentage of volatile 
organic matter evolved, 
calculated on weight of cod. 
31*2 
33-7 

37-2 
88-6 

the curves shown in Pig. 1. 
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Table 
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It will be observed that there is a distinct increase m the' 
volatile matter evolved, with an increase in the proportion of 
inert material present, but that the rate of increase is evidently 
not modified greatly by altering the inert matter. In view of , 
this fact it was decided to use electrode carbon in the subsequent 
experiments; electrode carbon possesses distmct advantages, 
over Calais sand, in that its specific gravity is about half that ‘ 
of sand, it is easy to procure, and lends itself to grinding and 
grading to any desired degree of fineness. Further, it contains 
no volatile constituents, except 0-17 per cent, of moisture, 
which remains constant. 

Eight seams, representative of Lancashire coals, were ex¬ 
amined to determine the relative increase m volatile organic 
matter, which occurred when the coals were mixed with varying 
proportions of inert matter (electrode carbon). The coals were 
treated in the manner descnbed for Arley coal, and the results 
are shown in Table 8. 


The results are plotted in the curves shown in Figs. 2 and 3. 

The maximum mcrease in volatile organic matter has been 
calculated upon a basis of the volatile organic matter found 
in the pure coal. The results are given bdow:— 


Table 9. 


Coal, 


Arley 

Bacon Mine 
Garswood, 9ft. 
Hell Hole .. 
Mountain Mme 
Pemberton, 2ft. 
Ravine 
Hoo Cannel 


Maximum mcrease 
in volatile matter 
per cent. 

31-4 

33*2 

31-7 

27*4 

18-3 

23-6 

42-9 

8-6 
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rt will be seen from these figures that the coals vary con¬ 
siderably in this respectj and it is to this point that particular 
a-ttuntion is drawn. It is usually stated that the percentage 
volatile matter present in mine dusts is an important factor 
the liability of the dusts to explosion. The experiments 
described show that the volatile matter produced when coal 
IS heated increases appreciably if the coal is mixed with inert 
matter. The following example shows the nature of the increase 
to be expected. One unit of Ravine coal (31 • 7 per cent, volatile 
organic matter) mixed with four units of inert matter should, 
by calculation, yield a mixture capable of evolving 0 1 3 per cent, 
of volatile organic matter. According to the determination, the 
actual amount evolved was 7-3 per cent, of volatile organic 
matter. It is clear that evidence is required to show how this 
applies to the mixture of coal and stone dust (inert matter) 
existing in mines. Stone dust contains a certain percentage 
of matter which is evolved on heating, and this introduces 
factors into the problem which may make a more prolonged study 
desirable. It was decided to place the experiments on record, in 
order to open up the subject to any who may be interMted, 
It is proposed to continue the work, and to examine the action of 
certain stone dusts used in Lancashire collieries, upon the per¬ 
centage of volatile organic matter evolved when coal is heated. 

The results may also be of interest from the point of view 
of the test used for the determination of the agglutinating value 
of caking coals. This test consists in determining the maximum 
amount of inert matter (sand, anthracite, &c.) with which cod 
can be mixed, and still yield a coherent button of coke, A 
special bulletin will be devoted to this problem. 

It is also considered that the work may have some bearing 
upon the efficiency claimed for the process of imxing coke and 
coal for steam-raising purposes. In such a mixture the coke 
would act as an inert substance. Such a result would be of 
special value where the only available coal is one having a 
highly caking nature, in which case dilution with coke would 
have two distinct results, namely, to decrease the coherence 
of the coke produced from the coal, and, secondly, to increase 
the percentage of volatile matter given off, 

^ ^ The attempt to find an explanation of the observations recorded 

^ JR left until further experimental evidence has accumulated. 
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PREFACE 


It IS a matter of some regret tliat we are compellcrl to look 
to America for standardised methods for tlie valuation of coal; 
it IS well known that much of the oiiginal work on the subject 
has been done in tliis countrN'. 

The present bulletin on Coal Annlj^sis was prepared for the 
information of the members of tlie C’oal Kesoareh Association^ 
but it is thought that it may be of ^’aluo to others interested 
in the valuation of coal. 

The tune appears to be opportune for placing the ])urchnsc 
of coal upon a scientific foundation, but this will not be possible 
until consumers, merchants, and collieries have agreed upon 
the methods of valuation most suited to the genernl ('onditions 
under which coal is consumed. 

Suggestions and criticisms will be welcomed and ac'know- 
ledged in any further edition. 

R. A. T3URROWS, 

President of the Lmua^Mre and Cheshire 
Coal Research Association, 


Atherton ColUenes, 

near Manchester, 


INTRODUCTION 


The chemical analysib of coal serves two broad purposes . 
first, to determme the relative merits of coals, the properties 
of wliich have been proved to be suited to a particular industrial 
purpose; and, secondly, as a prcliminar) to the in\ estigation 
designed to ascertain the best possible method of utilising any 
particular seam In an enlightened policy of coal conservation 
It would not be possible for seams winch are ideal for use in, 
say, vertical retorts for the manufacture of coal gas to be sold 
for domestic fires, and for coals, rich m mtrogen, to be wasted 
in furnaces simply because no complete mvestigations of the 
properties of the coals ha\^e been published. The chemical 
analysis of the mother substance of the coal should be accom¬ 
panied by an enquiry into the geological environment of the coal, 
an examination of the structure microscopically, and by the 
performance of as many tests as possible devised to exhibit 
any special characteristics of the mother substance. 

In the past tlie chemist has been prone to attempt to inter¬ 
pret the results of the chemical analysis in terms of properties 
of the coal with wluch the values have no dii'ect relationsliip. 
When it is remembered that such a vital chaiacteristic as the 
caking property may be completely destroyed by mild oxidation 
of the coal, and that the amount of oxygen which is responsible 
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for tlie chaiigCj cannot be accurately determined by 
the difficulty of interpretmg the analytical values will be realised. 
A highly caking and a non-caking coal may m fact yield the 
same values on analysis^ or in other words the two coals may 
be said to be isomeric. 

The Chemical Analysis of Coal. 

The chemical analysis of coal is generally considered in two 
paxtSj viz., the approximate (proximate) and the ultimate 
analysis. The former includes foui determinations—the mois¬ 
ture, ash, coking value and the calorific value—and the rcsulb* 
enable the analyst to make a fairly accumte estimate of the 
comparative values of samples of coal, or to control the varia¬ 
tions 111 quality of a particular supply. The analysis may be 
completed in about two hours, and on this account the results 
are of considerable commercial importance. The work can be 
done by an untrained man, and tlie apparatus required is inex¬ 
pensive. 

In the Electrical Review” for 5tli December, 1911), 709, 
J. Devlin states tlmt the approximate analysis of coal, including 
the following deterimnations, moisture, ash, volatile matter 
and calorific value by a bomb calorimeter, is successfully per¬ 
formed by an ex-soldier with one arm. 

The seivices of a chemist are required for the ultimate 
analysis, and the time necessary for its completion depends 
upon the purposes for which it is needed. The ordinary routine 
analysis generally takes about three days. 
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COAL ANALYSIS 


Percentage of Small Coal. 

During the process of sampling and before the coal has 
been crushed, one of the portions rejected during quartering 
should be preserved and the percentage of small coal present 
determined. One half to one hundredweight is sieved and the 
fine coal separated and weighed; a portion is also taken for 
analysis. The size of the mesh of the sieve will depend upon 
the size of ccuil under examination, Init the measurements given 
below will 1)0 found to be suitable. This test indicates the 
proportion of small coal present in the consignment; it also 
forms one of the simplest checks on any further deliveries. If 
the percentage of fine coal differs widely from that present in 
the original sample, then variation in the quality may be ex¬ 
pected. 

In the Standard Coal Specification (Coal and Iron Trades’ 
Review, 28th March, UH3), there is a clause specifying tlie 
limiting percentage of small coal permitted in deliveries of coal. 
The methods of testing arc indicated in the following table, 
showing the requirements for bituminous coals, washed and 
dry screened from Durham and Yorkshire. 


, 


Size of 

Percentage of 


Moisture, 

Sfiuare 

Small Coal 

Dry Screened Coals. 

Per cent. 

^lesh, passing through. 

1. Double Nuts 




12,700 U.T.U. 

2. Single Nuts 

5 

iin. 

.. 17i 

12,000 U.T.U. 

0 

2in. 

.. 26 

3. Peus 




12,200 B/r.u. 

(» 

,. iin. 

.. 26 
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Size of Percentage of 
Moisture. Square Small Coal 
Washed Coals Per cent. Mesh, passing through. 

1. Washed Double Nuts 


13,250 B.TU. 

2. Washed Single Nuts 

8 

.. Jin. 

15 

13,000 B.T.U 

0 

Sm. 

. m 

3. Washed Peas 




12,750 B.T.U. 

10 

Jin. 

. 20 

The Sampling of Coal. 





The method of obtaining an average sample of coal is described 
in The Sampling of Coal” (Bulletin 2, Lancashire and Cheshire 
Coal Research Association) 

The sample for the approximate analysis should have been 
crushed to pass through a sieve of or mesh, and 
should be air dried. It is necessary to determine the moisture 
in the coal before it is air-dried, in order to ascertain the amount 
actually present in the coal from which the sample was derived- 
It is difficult to preserve coal, even in a sealed vessel for any 
length of time without marked variations taking place in the 
moisture content unless a store at a perfectly uniform tempera¬ 
ture is available; during ordinary storage the moisture from 
the coal will frequently be found deposited on the walls of the 
contaming vessel. The amount of moisture present in coal 
may be standardised by air-dr 3 mig, exposing it freely to 
the air in a thin layer for a period of not less than 24 hours. 

An essential factor of the term “ air-dned ” should be a statement 
of the humidity of the air during the whole period of the 
exposure, or at least during the last six hours. 

A number of experiments have been carried out by Burrows 
Moore and the author, to ascertain the exact relationship existing 
between the moisture content of coal, and the humidity of the 
air. The following figures are quoted to illustrate the fact that 
the percentage of moisture present in coal varies directly with ^ 
the degree of humidity of the air, and that variations, caused 
by a change in humidity influence the moisture present in the 
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coal in a few hours. It will be observed that the variations 
in the moisture present are as great as 0-5 per cent, in about six 
hours. 

Moisture. Degree of 


Coal. 

Mesh. 

Time. 

per cent. 

Humidity 

Arley (Wigan) .. 

1/30 

.. 9-40 a.m. 

.. 2-19 

88-0 

' • 

)) 

.. 7-0 p.m. 

.. 2-08 

73-0 


1/180 

.. 9-46 a.m. 

.. 3-03 

88-0 

* • 

39 

.. 7-0 p.m. 

.. 2-56 

. 73-0 

Indian .. 

1/30 

.. 10-40 a.m. 

.. 4-30 

. 73-6 

,, 

99 

.. 3-60 p.m. 

.. 4-75 

. 79-6 

}i 

1/200 

.. 1040 a.m. 

.. 4-36 

. 73-6 

»t * • • • 

99 

.. 3-60 p.m. 

.. 4-76 

. 79-6 

Peat 

1/30 

.. 9-20 a.m. 

.. 14-40 

. 68-8 

if •. • • 

99 

.. 3-46 p m. 

.. 13-76 

. 63-6 

if • * * • 

1/200 

.. 9-20 a.m. 

.. 13-60 

. 68-8 

}9 

39 

.. 346 p m. 

.. 13-04 

.. 63-6 

Wigan Arley 

is a caking bituminous 

coal. 



Indian is a bituminous coal having little caking power. 


The Peat is an ordinary English variety. 

When a particular type of coal is being examined frequently, 
it is desirable to prepare a graph showing the percentage of 
moisture in the coal for varying degrees of humidity of the air. 

Special precautions are described in the Report on an Investi¬ 
gation of the Coals of Canada, 1912 (Vol. II.). 

Approximate Analysis of Coal, 

Three chemical determinations are included under the 
heading the "Approximate Analysis of Coal/' namely^ the 
moisture, ash, and the coke or volatile matter. 

Moisture in Coal, 

As it is not practicable to use coal of a coarseness of or 
mesh for certain of the determinations in the ultimate 
analysis, a finer state of division is required. As a rule, the 
coal should be ground to ])ass through a sieve of about ^ to 
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mesh in a coffee-mill gnnder, or in a porcelain ball mill, and 
when this is necessary, a further determination ot moisture 
on the fine material should be made. A correction may then 
be applied for the loss of moisture which has occurred during 
the fine grmding. According to P. Nicolardot, International 
Congress of Applied Chemistry, 1912, the loss from this cause 
IS negligible. In Bulletin 323 of the Geological Survey, U S.A., 
there is a careful study of the loss of moisture by coal (a) when 
exposed to air under varying conditions, {b) when different 
methods of pulverising are used, (^r) when varying weights of 
coal are used for the determination of moisture. Fieldner 
(Chem. Engineer, 1913, 17, 50) states that only a difference of 
0*16 per cent, in moisture content was found between air-dried 
coal ground to pass through a Jin. mesh, and that ground m a 
ball mill to pass through a 1/60 mesh. 

It is important to recognise that the whole of the figures 
obtained in the coal analysis depend upon the value obtained 
in this determination, and the greatest care should be exercised 
to ensure the standardisation of the method adopted. The 
results affect directly the percentage of hydrogen found in the 
coal; if the percentage of moisture as estimated is lower than 
that actually present in the coal, the percentage of hydrogen 
found during the determination by combustion will be correspond¬ 
ingly higher. 

As coal does not become constant in weight when heated, 
an empirical process for the determination of moisture is generally 
adopted for ordinary routine purposes ; the following method 
will be found convenient. 

Method. One gram of coal is spread over a watch-glass or 
shallow flat-bottomed dish, and heated in an oven at 105° C. 
for one hour. It is then covered, transferred to a desiccator and 
allowed to cool. It should not remain m the desiccator any 
longer than is required to cool completely (20 minutes); tlie 
subsequent weighing must be carried out as rapidly as possible. 
The loss in weight is assumed to be the moisture present in 
the coal.-; 

The results obtained by this method do not represent the 
actual moisture present in the coal, os the change in weight 
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which occurs includes the following: (1) Decrease due to 
loss of water, evolution of occluded gases, and slight decomposi¬ 
tion of the coal. (2) Increase during the final weighing, owing 
to absorption of moisture from the air, and slight oxidation 
which is taking place throughout the determination. 

The results are more constant if the oven is fitted with the 
means for changing the air in it about three times a minute. 
The air should be dried by passing it through concentrated 
sulphuric acid (Jour. Ind. Eng. Chem. 1917, 9. 100) 

The following table, quoted by Douglas (Gas World, 1912, 
416), shows the changes which may occur when coal is heated 
to various temperatures :— 


Grams. 

Coal dried at 100® C . .. .6 0000 

After 1 hour at 130° C. .4 9816 

„ i 160® C. 6*0094 

„ i „ 176® C. 6*0346 

„ 6 „ 175° C .. . 6 2036 

„ '3 „ 200° C. 6 2664 

„ 3 „ 200° C.6*2186 


It will be observed tliat the coal reaches a maximum gam m 
weight of about 6 • 3 percent, and was found to have lost its power 
of yielding coherent coke, indicating a distinct chemical change 
in the coal substance. Experiments upon the loss of moisture 
by bituminous coals and anthracites are descnbed by Archibald 
and Lawrence (Jour. Ind. Eng. Chem., 1912, 4 ,258), who show 
that the official process of the United States (heating for one 
hour at 105° C.) yields low results. In the case of certain 
special bituminous coals, the error was found to be 40 per cent, 
of the true moisture content. These experimenters believe 
the cause to be due to the oxidation of sulphur compounds, and 
to incomplete expulsion of moisture. They recommend heating 
the coal to at least 110° C. in a current of dry air, and collecting 
the moisture in a weighed calcium tube. (See p, 10.) 

It is known that coals containing clay do not evolve the whole 
of the moisture present when heated to 130° C,, as the water 
is present as part of the constitution of the clays. Certain 
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coal ashes appear to have a composition identical with dehy¬ 
drated kaolm, which normally would contain about 8 to 13 
per cent, of water, whilst shales, which occur as impurities 
in coal, frequently contain up to 13 per cent, of water of 
constitution. 

Method. A method for the determination of moisture in 
coal, which yields more accurate results, is as follows :— 

The coal is placed in a platinum or porcelain boat, and heated 
in a tube surrounded by a bath of glycerin and water (50 per 
cent.) at about 110® C ; dry air, coal gas, or nitrogen, is passed 
over the coal and then through a weighed calcium chloride tube. 
At the end of the experiment the calcium chloride tube is re- 
weighed, and the increase represents the moisture present in 
the coal. It has been found that from two to three hours arc 
required for the expulsion of the moisture. One form of the 
apparatus used is shown in Fig. 1. 



Many other methods have been suggested for the determina¬ 
tion of moisture in coal, of which the following are the more 
important;— 

A known weight of the coal is placed in a vacuum desiccator 
containing concentrated sulphuric acid for 24 hours. The 
loss m weight is assumed to be the moisture present in 
the coal. 
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A considerable weight of the coal ih distilled in a Hoffman’s 
apparatus, with toluene or xylene; the latter is condensed, 
collected in a special receiver, and the water which separates 
is measured, 

A known weight of the coal is heated t(j lOD'' C. in a vacuum, 
the loss in weight being taken as tlic water present. 


Determination oj Ash, 

It is frequently stated that the residue fiom the determina¬ 
tion of moisture should he taken fur the estimation of ash. 
This is not desirable, as it leads to an unnecessary waste of time ; 
the dctcnniimti<in.s of ash, moisture, and coking value, should 
be ('arried out Kiinultaneoiisly, 

' Method, Tliree to five grams of air-dried coal are placed 
in a silii'ii dish (2in. diam. by Jin.), or in a platinum capsule. 
The dish and contents are heated slowly over a small Bunsen 
flame, until the main proportion of the volatile matter has been 
driven off. The dish is tlien transferred to a gas or clectncally- 
heated mulllc, the temperature of which should be, uniform. 
It is allowed to remain until completely free from organic matter, 
and is placed in a desiccator until cool and re-weighed. The 
amount of residue is the ash in the coal. 

AUernative Method, One to two grams of coal are placed 
in a porcelain, silica or platinum boat. This is brought into a 
short length of combustion tubing (silica), one end of which is 
connected with an aspirating pump, and the other open to the 
air. 'riie coal is first gently heated, and tlien more strongly, 
air being aspirated through the tube. If required, a slow stream 
of oxygen may be passed over the coal during the ignition, which 
greatly increases the rate of combustion. The ^supply of air 
or oxygen must be very carefully controlled, until the volatile 
con.stituents have been evolved, as there is a danger of fine 
particles of ash being I'arried out of the boat in the stream of 
gas. When the organic matter has ('ompletely disappeared, 
the boat and its contends are allowed to cool in a desiccator, 
and rc-weighed. The method is more rapid than heating over 
a Bunsen, but .slower than when a nuiifie is available. It 
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possesses the distinct advantage that the ash does not come 
into contact with the products of combustion of the gas. 

F. Weisser (Chem. Zeit., 1014, 38 , 12()4 and 128i)) states 
tliat the results obtained by heating over a Bunsen arc the more 
accurate, as the loss due to decomposition of carbonates is 
compensated for by absorption of sulphur dioxide produced from 
the gas, whilst H. Mastbaum (Chem. Zeit., 1018, 42 , 385-.'18(>, and 
391-392) states that ignition over a Bunsen yields higher results 
than when a muffle is used, as sulphur compound.s of gas arc 
absorbed by calcium or other carbonates or oxides in the ash. 

In the above methods, the preliminary heating is to prevent 
the spurting which may occur during the rapid evolution of the 
volatile matter and moisture. It also causes a low temperature 
carbonisation coke to be formed, which is not so difflc’ult to oxi¬ 
dise as one produced at a high tempeiature. It is seldom possible 
to obtain a constant weight after a second ignition, owing to 
the slow decomposition and modification of the inorganic <’oin- 
pounds contained m the ash, and consequently it is important 
that the temperature to which the coal is heated should be ('on- 
stant. It has been found that a temperature of about 8(X)® C. is 
a suitable one for the muffle. As a rule, coal ash will not fuse at 
this temperature, and thus the possibility of particles of unbunied 
org^c matter remaining in the centre of the fused masses is 
avoided. Further, it prevents the rapid divitrification of the 
silica ware dishes, which takes place at higher temperatures. 
When the organic matter in the fuel is found to oxidise with 
difficulty—as is the case with certain classes of coke and anthra¬ 
cite—the fuel should be very finely pulverised, and spread 
over the bottom of the dish, by means of a few drops of ash-free 
alcohol. 

It is obvious that the ash obtained is not the actual inorganic 
substance present in the coal, as during the ignition most of 
the compounds present undergo complete or partial decomposi¬ 
tion. It is for this reason that a standard temperature should 
be adopted, as it has been shown that considerable variations 
m the composition of the ash may be brought about by altering 
the temperature of ignition. Differences as liigh as 1 per cent. 
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in the ash content have been obtained between a low temperature 
and a bright red heat This is noticeable when the coal is rich 
m carbonates and sulphides^ and applies especially when the 
percentage of ash is high. 


Analysis of the Ash, 

Ash to be used for the chemical analysis should be obtained 
by Ignition of the coal under conditions which preclude the 
possibility of its contact with tlie products of combustion of 
the gas. Either gas free from sulphur compounds, the second 
method described on p. 11, or an electric furnace must be used 
for the ignition. There is also a possibility that a loss of potas¬ 
sium may occur, and where this element is being determined, 
the coal should be treated with nitric and sulphuric acid, and 
evaporated to dryness before incineration (J. Ind. and Eng. 
Chem., 1917, 2 , 753). The constituents of the ash are then 
converted into sulphates. 

It IS not proposed to describe m detail methods for the analysis 
of the ash, as these can be found in text-books on chemical 
analysis. The following is a summary of the procedure:— 

The finely pulverised ash is fused in a platinum crucible 
with a fusion mixture of sodium and potassium carbonates. 
When the ignition is complete, the fused mass is washed 
out of the crucible mth water, hydrochloric acid added, 
evaporated to dryness twice, and the residue heated to 
110° C. for one liour. The mass is treated with dilute 
hydrochloric acid, and the silica is removed by filtration; 
the latter is treated m the usual manner, and determined. 
The filtrate is diluted to a known volume and an aliquot 
portion is used for tlie determination of iron, alumimum, 
manganese, calcium, and magnesium. Further portio]|is are 
taken for the estimation of the phosphates and other acid- 
radicles present. A fresh portion of the ash is fused with calcium 
carbonate or pure lime (Lawrence Smith’s method) for the 
estimation of potassium and sodium. 

The following are some typical analyses of coal ashes (chiefly 
from J. T Dunn, J.S.C.1, 1918, 37, 16t) 
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Inorganic Partings in Coal, 

When coal contains inorganic partings a distinction should 
be drawn between the composition of these substances and the 
inorganic compounds present in the coal substance. If possible^ 
the amount of parting present in the coal should be determined 
by breaking up a number of typical lumps and picking out the 
material by means of forceps, the substance should also be 
analysed separately. To illustrate the amount special coals 
may contain, one sample was examined and 3*0 per cent, of 
white parting found to be present; the total amount of ash in 
the coal was 4*2 per cent. The composition and properties 
of the ash of this coal depended to a large degree upon that of 
the white parting. 


A number of the partings have been examined and the results 
will be published in a separate bulletin. The following is the 
composition of a typical example* :— 


Ferrous oxide (FeO) 

Manganese oxide (MnO) .. 
Calcium oxide (CaO) 

Magnesium oxide (MgO) .. 

Carbon dioxide (CO 2 ) 

Sulphur trioxide 
Sulphur 

Corresponding to the following :— 
Ferrous carbonate ,. 

Manganese carbonate 
Calcium carbonate .. 

Pyrites (FeSj) 


14*0 per cent. 
0*9 „ 

42*1 


Nil (generally 
present) 
42*2 per cent. 
Nil. 


0*4 per cent. 


22*6 per cent. 
1*5 „ 

76*2 „ 

0 7 


The compound is a substituted calcium carbonate, and is of the 
ty^e usually classed as an ankerite. The general term “ an- 
kerites ” is a suitable one for the white partings. 


* Bayley, Grounds & Sinnatt (unpublished ^sorji) 
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The Fusibiliiy of Ash. 

The DetenmncUion of the Fusibility of Coal Ash. The following 
method is described by J. W. Cobb (J.S.CJ., 1904,25,11). It 
is based on a method described by Le Chatelier and Chantetre 
(Bull, de la Soc. d’Encouragement, 1902, 102, 2, 223). The 
ash is pulverised until it will pass through a sieve of 100 mesh 
to the inch, or finer. It is then made into a paste with water, 
and moulded into a pyramid with a square base, havmg one 
face vertical, The dimensions of the pyramid should be, base 
lin,, height 3m., or, if msufficient ash is available, the pyramid 
should have the same proportional size, but smaller dimensions. 
The pyramid is then thoroughly dried, and placed in a furnace 
or muffle, the temperature of which is gradually raised, until 
the pyramid begins to bend. At the first sign of bending, tlie 
heatmg of the furnace is moderated. The temperature at which 
the apex of the cone sinks until it is in the same plane as the 
base is assumed to be the temperature of fusion of the coal 
ash. The temperature of the furnace must be determined by 
some form of pyrometer, the most convenient being a thermo 
couple, but in the absence of this, a Watkin recorder, or Seger 
cone. Fieldner and Hall (J. Ind. and Eng. Chem., 1915, 7, 
829) suggest that in preparing the ash the coal should be mcine- 
rated below 800® C., and the ash ground to pass through 1/200 
mesh sieve, and made into a plastic with a 10 per cent, solution 
of dextrin. It is moulded into cones, Im. high and -jp^j-in. base, 
partially dried and mounted on a highly refractory base. It 
IS then dried, and the temperature of fusion determined in an 
atmosphere of 50 per cent hydrogen and 60 per cent, steam m a 
special electnc furnace. 

The fusion point of coal ash is, as a rule, between 1,000® C. 
and 1,500® C., and in the table given below will be found the 
fusion point of coals having ashes of widely different composition. 
Palmenberg (J.S.C.L, 1913, p. 1144) gives the results of the 
examination of many samples of coal ash, which contained widely 
different percentages of iron. The results quoted in his paper 
make it clear that the presence of iron (ferric) has very little 
influence upon the temperature of fusion of coal ash, and that 
a direct determination of the fusing point of ash is essential, 
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but Burg^vin (J. Ind^, and Eng. Chem.j 1914j 6j G94) does not 
agree that there is no relationship between the combined iron 
and sulphur contents of the coal and the fusing temperature, 
and points out that coals with more than 3 per cent, of iron 
and sulphur present (with few exceptions) give ashes melting 
below 1,400® C 

Fusing Temperature of the ash tn coal arranged according to 
the iron content 



FcjOs 

Sulphur 

Ash 

Fusion 

No. 

per cent. 

per cent 

per cent. 

temp. 
Deg. F. 

1 

. -i-ei 

. U-61 . 

5 15 

. 2700 

5 

.. 7-{)l 

. 1 52 

16 (il . 

. 2760 

10 

.. 16 31 

1-42 

7-98 . 

2400 

15 

.. 19 19 

1 79 

7-90 

. 2138 

30 

.. 22-67 . 

. 2 00 

9 03 

. 233(3 

25 

. 27•22 

:i 13 . 

. 13-64 . 

. 2138 

30 

.. 35'13 . 

. 2-13 

0-25 . 

. 2300 

35 

.. 39'SB 

. 2-41 . 

,. 8-9() . 

2372 

38 

.. 44-39 

. 3 51 . 

,. 9-34 . 

. 2318 


Fieldner and Hall (J Ind. and Eng. Chem., 1915, 7, 299, 
742, 829) show that the softening temperature is affected by the 
size and shape of the pyramids, the fineness of the ash, the rate 
of heating, and the way in which the pyramid is moulded ,* 
but the most important factor is the atmosphere in which the 
test is conducted. The variations may be up to 500° C. between 
carrymg out the test in air, and in a partially reducing atmo¬ 
sphere; in the latter, feme compounds aic reduced to ferrous, 
which are active agents in slag fonnation, and in lowering the 
temperature of fusion. 

Determination of the Carbonates {carbon dioxide) in Coal. 

The determination of the percentage of carbon dioxide 
occurring as carbonates in coal is of interest from two aspects \ 
It affords a criterion of the composition of the inorganic con¬ 
stituents, which, combined with the chemical analysis of the 
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ash, makes it possible for a more accurate conjecture to be made 
of the composition of the inorganic compounds present, and, 
secondly, without the knowledge it is not possible for the deter¬ 
mination of carbon to be corrected for the amount of carbon 
dioxide which is produced from the decomposition of the car¬ 
bonates during the combustion process. It is not convenient 
to use an apparatus of the type of Schroetters, as the amount 
of carbon dioxide evolved is not suflicicnt, A method described 
by the author (Analyst, April, 1913) for the determination of 
carbon dioxide in carbonates has been successfully applied. 
The carbon dio.\ide evolved when the coal is treated with hydro¬ 
chloric or phosphonc arid is collected in a dry, evacuated flask. 
The carbon dioxide is determined by the addition of ^ standard 
banum hydrate solution, the excess of the latter being found 
by titration with standard hydrochloric acid. Typical results 


are given below* :— 

Per cent, of 
carbon dioxide. 

Coal No. 1 .. 

0-(i7 

„ No. 2 . 

0-47 

„ No. 3 .. 

0-90 

Method of Determinatton of Volatile 

Matter and Coke. 


The metliod most widely adopted is the original one suggested 
by the American Coal Committee. 

Method, Exactly one gram of fresh, air-dried, powdered 
coal is placed in a platinum crucible (weight 20 to 30 grams) 
having a tightly-fitting lid. The crucible is supported on a 
platinum triangle (or thin silica) from 2 Jin. to 3in. above the top 
of a Bunsen burner, the flame of which should be Sin. high. 
Tlie coal is heated for exactly seven minutes, after which the 
crucible is transferred to a desiccator, allowed to cool, and the 
loss in weight determined. This loss in weight is called the 
volatile matter, and the residue in the crucible is the percentage 
of coke. 


* Harrison & Sinnatt (unpublished work). 
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More concordant results will be obtained by using a Meker 
burner, and placing the crucible Jin. above it. Better results 
will be obtained by using either an electrically-heated furnace, 
or a gas-heated muffle, in place of either of the above sources 
of heat. The American Coal Committee (Jour. Ind. Eng. Chem., 
1917, P, 100) descnbe a convenient form of electrically-heated 
furnace, which is the one to be adopted in future in American 
practice. It may be pointed out that the furnace is very similar 
in construction to the one described by Lessing (J.S.C.I., 1912, 
31, 465). 

The conditions under which tests are carried out should be 
absolutely constant, and should approximate as far as possible 
to those mentioned above, but where facihtics do not admit 
of the adoption of the standard method, a modified process will 
give results of great value to the individual experimenter, but 
these will not be comparable with the results obtained by other 
workers The usual temperature suggested is 950° C., but 
with modern coal-gas (420 to 460 B.T.U. per cubic foot), 
and using a Bunsen burner, the temperature of the coal in a 
platinum crucible is generally from 700° C. to 750° C. With a 
Meker burner, a temperature of about 900° C. can be obtained. 
A blow-pipe may be adopted, and one constructed on the principle 
illustrated in the “ Engineer,” 20th October, 1916, has been found 
to give a temperature up to 1,000° C., which can be maintamed 
quite constant. Where possible, the temperature m the coal 
should be determined for a succession of tests under the standard 
conditions, by means of a pyrometer, preferably a thermo couple, 
but for a rough indication the melting point of potassium di- 
chromate (940° C.) may be used. Under the most perfect 
conditions differences as high as 0*5 per cent, may be expected, 
but with separate individuds and conditions which are similar, 
differences may be found ranging up to 3 per cent. 

The determination of volatile matter is of considerable 
importance, as valuable hints may be obtained as to the practical 
value of a coal, and of its behaviour during combustion or car¬ 
bonisation. 

The following are the main points: The value obtained 
during the test is called the “ volatile matter ” of the coal, which 
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includes the moisture and the organic matter evolved durmg 
the igmtion. When the percentage of moisture is deducted from 
the “volatile matter/* the result is termed either the “volatile 
organic matter/’ or the “ volatile combustible matter.” The 
residue in the crucible represents the “ coke/’ and the “ fixed 
carbon ** is obtained by deducting the percentage of ash from it. 


Physical Appearance of Coke. 

In carrying out the determination uf tho volatile matter, 
it is important to see that the coal is distrilDuted e\xnly over 
the bottom of the crucible. At the completion of the test the 
appearance of the button of coke will then form a more valuable 
entenon of a particular type of coal. The button may vary 
m size, from one-half to 10 times the original \()lume of coal 
used. Whenever possible the button of coke should be presei ved, 
and in the author’s laboratory a special button is prepared and 
is fixed to a piece of stiff cardboard by sei'cotine, and after 
being labelled is filed for a certain period. Such buttons fonn 
a valuable means for the identification of changes in a seam, &c 


The following is an outline of the terms used in_ describing 
different t)qDes of coke (Lunge, Technical Methods of Chemical 
Analysis, page 246) 


Rough 

fine¬ 

grained 


r Porous all over to 
I near the edge. 


Black 


Fritted hard, por¬ 
ous in centre 
only. 

Fntted hard all 
over 


\ 

Grey and hardy with bli.stered 
appearance. 


Smooth, lustrous, and hard. 


1. Sandcoal (long 
flame dry coal) 


2.Sintered sand-coal. 

6. Sinter coal (long 
flame fat coal), 

4. Caking vS i n t er 
coal. 

5. Caking coal 
proper. 
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R. Lessing (J S.C.L, 1912,466) descnbes a special apparatus 
for the determination of the volatile matter in coal at any desired 
temperature. The apparatus consists of a sihca vessel which is 
heated electrically, and may be maintained at a constant tem¬ 
perature by means of an electrical resistance. The author has 
found that tins apparatus may be maintained at any desired 
temperature for 12 hours at a time, without the need of adjust¬ 
ment. The system adopted at present for using the apparatus 
is to weigh one gram of coal into the silica tube, havuig allowed 
tlie temperature of the heating vessel to fall to 400° C. The 
silica tube contaming tlic coal is then placed in the heating 
vessel, and the current turned on again. It has been found 
that the apparatus attams a temperature of 950° in two minutes. 
The coal is allowed to remain for seven minutes, when the tube 
IS removed and placed in a desiccator to become cold, and is 
then re-weighed. The apparatus is at picsent being investi¬ 
gated in the author’s laboratory, with a view to determimng 
Qie best conditions under which the coal must be heated in 
order to simulate the results obtained by the ordinary crucible. 
It is .possible to determme the agglutinating value, &c , in tins 
apparatus with greater certainty than is possible with the crucible 
method. 

The apparatus can be adapted for a number of purposes m 
the study of coals, and the one at present in use was partly 
constructed and assembled m the laboratory at an over-all cost 
of £7. 

Calculation of the Calonjic Value of Coal. 

The calorific value of coal may be calculated witli consider¬ 
able accuracy from the results of the approximate analysis by 
applying a formula of the type of Goutal’s. This will be dealt 
with in a separate bulletin—^The calorific value of coal. (Sec 
also Bulletin 1, p 23). 

The Agglutinating Power of Coal. 

In deahng with caking coals, it is of importance to have a 
measure of the degree of agglutmation of the coal, and the follow¬ 
ing tests may be earned out:— 
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Calais sand, or finely ground anthracite, or electrode carbon 
of a pre-determined size {e,g, passing through a l/60*s sieve, 
and caught by a 1/90’s sieve) is mixed with the powdered coal 
in gradually increasing proportions. One gram of the mixture 
of ground coal and the inert material is then treated in the manner 
described for the determination of the volatile matter in coal. 
The button of coke formed is removed from the crucible, and 
its strength determined by placing upon it a 100 gram weight. 
When the button just powders under this pressure, the limit 
of the test has been reached, and the coal is said to have an 
agglutinating value equal to the smallest ratio of the weight 
of inert material giving such a button. For Lancashire caking 
coals the values vary from 1 of coal to G to 1 of coal to 2G of 
sand, /.f., the agglutinating value varies from G to 26. 

Aggliiiination Curve."^ 

It has been found that the degree of fineness of the inert 
material is the chief factor to be considered in determining 
the agglutinating value of coal. If powdered electrode carbon 
is used and the agglutinating value determined for gradually 
decreasing size of particle, the values may be plotted. The 
curve formed is constant in form for the same coal, but fairly 
widely different for different seams. The curve has been termed 
the ** agglutination curve.” 

Tke Increase in Volatile Matter due to the addition oj Inert Matter, 

Grounds and the author (Bulletin 3, Lancashire and Chesliire 
Coal Research Association) have found tliat a characteristic 
of coal may be established by determining the increase of the 
amount of volatile matter given off when gradually increasing 
amounts of inert matter of a standard size are mixed with coal. 

According to the statements of Somermeier (Jour. Amer. 
Chem, Soc., 28-2, 1002) the volatile matter is affected 

by the percentage of water present in the coal. This influence 
is stated to be comparatively small in the case of bituminous 
coals, but a difference of 26 per cent, may be expected when 


* Grounds «& Sinnatt. 
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dealing with lignites He also states that the volatile matter 
is influenced by the degree of fiiieness of the coal, but the variation 
due to tins fact is very small In his paper the following results 
are quoted *— 


I/W/IO 

Moisture. 

M6 

Volatile Matter. 
Per cent. 

39-06 

1/10-1/20 

146 

38 80 

1/20-1/40 

1-70 

38*65 

1/40-1/80 

1*90 

38*05 

1/80 and finer . 

2*05 

36 64 


According to expeiiments earned out by Grounds and the 
author (loc, cit) upon Lancashire caking coals, little difference 
m volatile matter could be detected for widely different size of 
pai*ticles of the coal provided the whole of the sample was 
powdered to pass thiough the sieves. 

The following table shows the lesults obtained upon certain 
samples of coal.— 




No. 1 

No. 2 

No. 3 


Degree of 

Volatile 

Volatile 

Volatile 

Portion. 

fineness 

organic 

organic 

organic 


of coal. 

matter. 

matter. 

matter. 



Per cent. 

Per cent. 

Per cent. 

1 

1/10-1/30 .. 

322 .. 

31*2 

.. 24-1 

2 

. 1/30-1/00 . 

32-2 .. 

31*6 

.. 24 2 

3 . 

1/00-1/90 

32-5 .. 

31*3 

.. 26-1 . 

4 .. 

. 1/100-1/200 .. 

32 9 .. 

31*6 

.. 24-9 

5 . 

. 1/200 and finer 

33-4 .. 

32*0 

.. 26-3 


Experiments carried out in the author’s laboratory upon 
the substitution of crucibles of different materials for platinum 
yielded the results given below; all the experiments were 
carried out under identical conditions. 
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Approximate 
weight of 


*Perrentage of 
volatile matter. 



crucible. 

No. 1 

No. 2 


Grams. 

coal. 

coal 

Platinum (standard).. 

29-5 .. 

.32-4 

.. 34‘2 

Platinum 

17-6 

3(M 

.. 37-8 

Nickel. 

23-7 .. 

32-3 

.. 34-8 

Porcelain 

14-(5 .. 

33-2 

.. 3(i-l 

Porcelain 

21-7 .. 

31 -0 

.. 32-2 

Porcelain 

26-0 .. 

29-1 

.. 32-0 

Silica. 

14-4 .. 

31 -7 

.. 33-7 

Silica .. 

23-2 

2«'.l 

.. .3M> 


It will be observed that a silica crucible weighing 14 grams 
yields values similar to those obtained by the use of a standard 
platinum cruciblej and it has been found that if llie silica (iii- 
cible is fitted with a nickel or platinum lid, in place of siliui, 
the results are improved. 


Deternimation of Sulphur, 

A considerable amount of ex]3erimeiilal work 1ms been done 
upon the determination of sulphur in coal, and the literature 
contains a description of a number of methods which may he 
considered accurate, but require either special conditions 
or re-agents. The majority of experimenters agree that 
Eschka^s process is one of the most convenient for coals whiidi 
contain not more than about 2 per cent, of sulphur, and tlie 
American Committee on Coal Analysis (J. Ind. ICng. C'hcm., 
1917, 9y 100) recommend the process for general use, 

Eschka's method for the determination of Sulphur, 

A ^sion mixture, consisting of two parts of magnesium 
oxide (or calcium oxide), and one part of anhydrous sodium 
carbonate is required. The magnesium oxide should not be a 


• Tonge & Smnatt (unpublished work). 
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compact heavy variety. Most authorities recommend the use 
of magnesium oxide, but no disadvantages will be experienced 
from the use of calcium oxide It has been found that pure 
calcium oxide is a more dependable re-agent than magnesium 
oxide When the fusion mixture has been prepared it is neces¬ 
sary to carry out a blank determination upon a pure organic 
compound free from sulphur, e.g. cane sugar or pure cellulose. 

Method, One gram of finely-powdered coal (through a sieve 
of 1 /90 mesh) is intimately mixed with three grams of the special 
fusion mixture in a silica or platinum crucible. The mixture 
of coal and fusion mixture is now covered with a layer of fusion 
mixture to a depth of about one-eighth of an inch (about one 
gram) The crucible is heated gently over a small spint lamp, 
or over a Bunsen burner. In the latter case, it is absolutely 
essential that the crucible should be protected from contact 
with the products of combustion of the gas. This preliminary 
gentle heating should be continued for about 10 to 15 minutas. 
The crucible is then placed in a muffle (electric, or one m which 
the products of combustion of the gas do not come into contact 
with the crucible), or in a circular perforation cut in a sheet of 
asbestos, held in an inclined position. By these two means, 
the products of combustion from the gas are removed from the 
neighbourhood of the crucible. Another method described 
by C. Bender (Zeit. Angew. Chem., 1915, Vol. !&, p 293) is to 
place the mixture of coal and Eschka’s mixture in a hard glass 
tube, 18 c.m long, and 3 c.m. m diameter, which is closed at 
one end. The tube should be damped in a horizontal position 
and heated in the ordinary way. It is desirable to stir the coal 
and fusion mixture during the ignition,, but it is not absolutely 
essential. At the end of 1 to IJ hours no traces of carbon will 
be found to remain, and the residue is a yellowish or greyish 
mass, depending upon the amount of iron present. 

The contents of the crucible are transferred to a beaker, 
60c. c.m. of water are added, a dight excess of bromine water 
(30c. c.m.) and the liquid is then gently heated. Dilute hydro¬ 
chloric acid IS added, until the liquid is distinctly acid m reaction. 
It is then evaporated to diymess and heated to about 110° C. 
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for about half an hour. The residue is then treated with water 
and hydrocliloric acid, and the silica is removed by filtration. 
(An alternative method of treatment is to cool the mass, digest 
it with water (lOOc. c.m ) and filter, and repeat the extraction 
with water. Thirty c. c.m of bromine water are added, and then 
hydrochloric acid, and the determination ib then completed 
m the usual manner.) The liquid, or filtrate, is heated to boiling 
point, and treated with a small volume of ammonium chloride, 
and then a hot solution of barium chloride, and after being 
allowed to simmer for a short time and stand for one hour, the 
barium sulphate is separated by filtration. The precipitate 
IS thoroughly washed with water, and the filtrate and washing 
water are carefully collected. The filter paper containing the 
barium sulphate precipitate is dried, ignited in the usual manner, 
and the weight of barium sulphate determined 


Estimation of Iron. 

The filtrate and washing water mentioned above are cooled, 
and tlie amount of iron present in it determmed by titrat'on, 
with a standard solution of titanous chloride, using potassium 
thiocynate as the indicator (Knecht and ITibbert, Reduction 
Methods, p. 40 , Longmans, Green & Co.). The presence of 
barium, &c., does not interfere with the determination of iron. 

The procedure given above has been found uniformly success¬ 
ful for routine purposes ; it is a rapid process for the estimation 
of iron. The latter is, of course, one of the important consti¬ 
tuents in the ash of the coal, and a knowledge of the ijercentagc 
present is usually a valuable indication of the chemical composi¬ 
tion of the ash. These remarks apply especially if the same 
seam of coal is being examined frequently. 


Method. A method for the rapid determination of sulphur 
is by the oxidation of the coal by means of sodium peroxide. A 
weighed amount of the coal is mixed with about 12 to 14 times its 
weight of sodium peroxide, placed in n special crucible, and ignited 
by suitable means (electrical, heating with a .small Bunsen 
flame, or a small piece of hot nickel wire); these conditions 
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are found in tlie Roland Wild calorimeter.* Wlien tlie deter¬ 
mination of the calorific value is complete in that instrument, 
the mass remaining m the nickel crucible contains the sulphur 
of the coal as sodium sulphate. It may be washed out and treated 
in the usual manner for the estimation of sulphuric acid. Parr 
(J Ind. Eng. Them., 1010, ii, 230; and Colliery' Guardian, 
lOli), 1377) describes a special bomb for the above purpose, 
which IS stated to yield accurate results. Precautions are 
required to prevent the reaction between the coal and sodium 
peroxide proceeding with explosive \'iolence. As a rule, the 
peroxide method yields low results. 

Method, Sulphur may also be determined by passing the 
gases present in the bomb calorimeter at the completion of a 
determination, into a dilute solution of caustic soda containing 
bromine. The contents of the bomb are afterwards washed 
out with distilled water, and the whole of the liquids collected 
together. The solution is heated to complete the oxidation, 
and the sulphuric acid is estimated gravimetrically in the 
usual manner. This method is rapid, but tends to yield low 
results (3 per cent or more too low). 

Regesler (J. Ind. and Eng. Chem., 1014, 6, 812) has shown 
that Of) to 08 per cent, of the sulphur is converted into sulphur 
tnoxide in tlie bomb, provided nitrogen is present in sufficient 
amount to form the oxides of nitrogen required to act as catalyst. 
It is advisable not to sweep the air out of the bomb before com¬ 
mencing a determination, unless the compressed oxygen contains 
at least 0 per (^cnt. of nitrogen. 

Deierminahon of Nitrogen. 

The determination of nitrogen in coal is more laborious to 
carry out than any of the tests described up to the present, 
and the knowledge gamed is not of particular moment when the . 
coal is being burned in ordinary grates. From the standpoint, 
however, of the conservation of the resources of the nation, 
it becomes increasingly important that the percentage of nitro¬ 
gen present in every seam of coal in the country .^^hould not 

♦See special Bulletin on Calorific Power of Coal or Catalogue of 
Messrs. Alex. Wright and Co., Ltd^, Westminster. 
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only be known, but the variations taking place duiing the working 
of the coal should be recorded. Under an efficient policy of 
fuel control, seams containing a high percentage of nitrogen 
should be conserved within the country. It should be made 
impossible for such coals to be consumed, except in processes 
in which the nitrogen is recovered in some form or other 
coal-gas or coke manufacture, Mond gas manufacture or low 
temperature carbonisation for the production of smokeless 
fuels). It IS interesting to recall that in pre-war times much 
of the coal exported from Great Britain to tlic continent con¬ 
tained a notably high percentage of nitrogen. In one particular 
year the average nitrogen content of the British coals purchased 
by one foreign nation was I *9 per cent., which is far above the 
average percentage found in the ordinary coals worked in tlie 
country. As a rule, British cools contain about 1 '{5 per cent, 
of nitrogen, and these special coals were no doubt chosen by 
the foreign nation on account of the percentage of nitrogen 
present, combined with the other virtues generally associated 
with British coals. It is doubtful whether the merchants selling 
the coal were aware of the high percentage of nitrogen in the 
coal, and consequently of its enhanced value to the purchasers. 

Deiermtnaiion. 

Two methods for the determination of nitrogen are in common 
use, namely, Kjeldahl’s and its modifications, and Dumas* 
process. 

Kjeldahl-Gunmng-Arnold Process. 

From one to three grams of the dried coal, pulverised so as 
to pass through a 1/90 mesh sieve, or finer, are placed in a hard 
glass Kjeldahl flask (300 c.c.m. capacity) and treated with 
• 30 c.c.m. of pure concentrated sulphuric acid. Ten grams of 
anhydrous potassium sulphate are added, and either 0*7 gram of 
metallic mercury, or one gram of anhydrous copper sulphate, the 
former being preferable. The flask is heated over a small naked 
Bunsen flame, until frothing ceases, and then continued until the 
liquid is quite colourless, and when this point has been reached, 
for a further two hours. The flame is then removed, and finely- 





powdered potassium permanganate is added. If the oxidation 
of the coal takes place sluggishly, potassium permanganate 
may be introduced as the digestion proceeds, but before each 
addition, the liquid must be allowed to cool. Kjeldahl recom¬ 
mends shaking in the potassium permanganate by means of 
a small sieve made from wide glass tubing, covered at one end 
with gauze having a fine mesh. The liquid in the flask is cooled, 
and diluted with about 300 c.c.m. of water and transferred to 
the centre flask (Fig. 2); caustic soda solution is added from 
the separating funnel until the liquid is alkahne, and 25 c.c.m. 
of a 4 per cent solution of sodium sulphide. The liquid 
is distilled, and tbe vapours passed into an excess of a 
normal solution of sulphuric acid. The excess of acid is sub¬ 
sequently determined by titration with a standard solution 
of ammonia, using cochineal as the indicator, or with caustic 
soda using rosohe acid or methyl orange as the indicator. 

The apparatus shown (Fig 2) is considered to be the most 
satisfactory of all the forms desenbed in the literature; the hquid 
undergoes steam distillation, and the process therefore requires 
practically no supervision during the distillation, thus effecting 
a distinct economy of time in carrying out the determination. 

A blank determination must be carried out to test all the 
re-agents used in the process, about one gram of a pure organic 
compound (cane sugar) being taken instead of coal. 

Fieldner and Taylor (in Technical Paper 64, 1915, Bureau 
of Mines) give an exhaustive and conclusive study of the various 
methods of determming nitrogen. The chief conclusion they 
arrive at is that the presence of both potassium sulphate and 
mercury (or copper sulphate) are essential for the complete 
conversion of the nitrogen m coal into ammonia. They also 
show that the results obtained by Dumas’ method are accurate, 
provided precautions are taken to remove nitrogen present 
in the copper oxide. They suggest tliat the copper oxide should 
be heated in a vacuum for several hours, and then cooled in an 
atmosphere of carbon dioxide. 

Despite the above paper, it must be pointed out that Sim- 
mersbach and Sommer (Z. Angew. Chem., 1915, 28^ 481) cast 
serious doubts upon the accuracy of the Kjeldahl processes, 
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and state that a modification of Dumas' raetliod invented by 
them gives results which are up to 56 per cent, higher than 
those obtained by Kjeldahl's processes. 



no. 2. 


In a more recent paper Terres and others (J. Gasbeleuch, 
1919, 52, 173-192; J.S.C.I., 1919, 35, 399t (good abstract)) 
describe results which show that all modifications of Kjeldahl's 
method yield low results owing to the evolution of nitrogen as 
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such during the process. These experimenters have collected the 
niteog^ evolved during the process. They compared the results 
wi 1 the special Dumas' method, described by Simmersbach 
ana bommcr, but modified it so that part of the oxidation 
01 the compound could be brought about by oxygen. The 
following results show the order of the error of the Kjeldahl 
processes compared with that of the modified Dumas* method. 

Percentage of nitrogen. 

, Ruhr coal. Anthracite. 

Dumas method and special 

final oxidation ..1*55 1-72 

Kjeldahl -\- potassium sulphate 

mercury oxide .. ..1.36 (7 hours) 1 -31 (11 hours) 

Kjeldahl -f- potassium sulphate 
‘I- mercury oxide -t- copper 

. 1-yd (8 horns) 1-38 (10hours) 


Duma^' Method, 

The method employed for ordinary organic compounds, 
which is described in text books on organic chemistry, can be 
used for the determination of nitrogen in coal. Certain precau¬ 
tions and novelties have recently been introduced into the process 
which will be found in the papers mentioned above. 

Chlorine in Coal. 

Comparatively little is known, of the amount, and the method 
of occi 4 iTence of chlorine m coal. Certain Lancashire coals 
contain chlorine, the main proportion of which occurs in com¬ 
pounds soluble in water. 

Two determinations should be carried out. 

Total Chlorine, A weighed amount of coal is mixed with 
an excess of finely pulverised clilorine-free lime, and placed in a 
platinum crucible, which is inverted in a second large crucible, 
and the latter then practically filled with lime. The crucible 
is then heated, preferably in a muffle, until free from organic 
matter. The contents of the crucibles are washed into a beaker 
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with water, and made slightly acid with nitric acid. The clilorme 
is determined m the liquid by Volhard’s method. 

In place of the above, Eschka’s method may be used if quick 
lime is substituted for magnesium oxide in the fusion mixture. 

Chlorine Soluble in Water. A weighed amount of the 
powdered coal is extracted witli water under a reflux condenser, 
the coal is then separated by filtration, and the chlorine in the 
filtrate determined by Volhard*s method. 

According to J. W. Cobb (J. Gas Lighting, lOlfl, fiS'l;), 
even when coal is finely divided, extraction with water is imper¬ 
fect. He advises grindmg the coal to pass through 1/12 and 
be caught by 1/50 mesh sieve, and extraction first with water 
for four hours, and later with 10 per cent, nitric acid for about 
four days. He quotes the following, showing the composition 
of the soluble salts extracted by water from 100 grams :— 



Coal A. 

Coal B 

Na(K) 

0-165 

0-161 

Mg 

0-0034 

0-013 

Ca 

0-014 

0-0614 

Cl 

0-121 

0-362 

SOi 

0-0064 

0 0126 

Total 

0 3098 

0-6899 

Two other coals yielded 0-794 per cent, and 0-618 per cent, 
after extraction with water and nitric acid. 

The following values 

are quoted by Wade (Analyst, 1916, 

p. 146):— 

Per cent. 

Per cent. Per cent. 

Total chlorine deter- 


mined by ignition 

.. 0-263 

. 0-016 .. 0-344 

Total chlorine extracted 


by water 

.. 0 261 . 

. 0-019 .. 0-346 

He states that it would appear that the whole of the chlorine 
in coal is present as chlorides soluble in water. 





Determination of Carbon and Hydrogen, 

The accurate determination of carbon and hydrogen in coal 
presents greater difficulties than will be experienced with ordinary 
organic compounds. 

Coal may contain a comparatively high percentage of sulphur^ 
ash, and nitrogen, and a small amount of chlorine, for which 
special precautions are required in the combustion process. 

When certain coals are heated a sudden and voluminous 
outburst of volatile compounds occur, which are mainly gaseous. 
The coke produced may be hard, and difficult to oxidise, and 
this factor is also influenced by the temperature at which the 
coke is formed. 

No method exists for the absolute determination of the total 
moisture in coal, thus little is known of the water of constitution 
of the inorganic constituents in coal. This water is not evolved 
when the coal is heated to 105® C., but is driven off at the higher 
temperature prevailing durmg the combustion. On p. 14, 
It is shown that the ash present m particular samples of coal 
resembles kaolin in constitution : this should therefore contain 
about 13 per cent, of moisture in the natural state. Further, 
the shales associated with coal may contain about 13 per cent, 
of water of constitution. If the ash present in a sample of coal 
is 10 per cent,, it would mean that the original inorganic com¬ 
pounds contained 1 per cent, of water of constitution, and 
consequently the hydrogen found in the combustion would be 
about 0-1 per cent, too high from this cause alone. 

Many Lancashire cools contain carbonates, usually in the 
form of calcium carbonate, or substituted calcium carbonates, 
e,g. ankerite (calcium, ferrous, magnesium carbonate of varying 
composition). These compounds are decomposed during the 
combustion, and the carbon dioxide produced is determined 
with that formed by the oxidation of caxbon. This tends to 
increase the percentage of carbon found in the coal (6-0 per 
cent, of calcium carbonate is equivalent to 0*6 per cent, of 
carbon). If the percentage of carbon dioxide the coal will 
evolve has been determined, a correction should be made in the 
carbon found during the combustion. 
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The Combusiipn Process. 

The process will be found described in great detail in text¬ 
books on organic chemistry ; for coal the principles are the 
same, but the tube should be packed in the following manner 

Commencing at the inlet end (Jng. 3) (to whi(ii is connected 
a supply of air and oxygen freed from moisture and carbon dioxide 
and under slight pressure), about 2in. in length of tlie tube are 
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left empty and allowed to project outside the combustion furnace. 
There is then a short spiral of copper gauze or a diffusion bulb 
of refractory glass to prevent gases passing backwards along 
the tube or forming an explosive mixture. Tlie next part of the 
tube contains the porcelain or silica boat, containing 0*2 gram 
of coal, pulvensed to pass through a I/IK) mesh sieve; the 
coal may be either air-dried or dried coal and should be evenly 
distnbuted throughout the boat. The boat should have a free 
space of about lin. at each end; the next 7in. of tube are filled 
with granulated or wire copper oxide, and this should be followed 
by 7in. packed with fused lead chromate. The lead chromate 
should be- broken to pass through a sieve of 1/4 mesh and be 
freed from all material below a 1/10 mesh. Both the oxide 
and chromate are held in position by plugs of ignited asbestos. 
If tlie coal IS very rich m chlorine a small amount of silvered 
pumice may be introduced after the lead chromate as an extra 
precaution. Following this is a freshly reduced spiral of copper 
gauze; there should remain about 4in. in length of tube, which 
is usually empty. The weighed calcium cliloride lube (all glass 
as in figure) is connected directly to the combustion tube by a 
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short, well-fitting rubber stopper , the potash bulbs are attached 
to the calcium chloride tube, and should be protected by a second 
calcium chloride tube. 

The following is a brief description of the routine of the 
determination : If the tube or its contents are new or have 
stood some time, the whole, except the reduced copper gauze, 
should be heated and a current of air admitted for at least one 
hour in order to remove any moisture or carbon. All the burners, 
except those under the lead chromate, and half the copper 
oxide most distant from the boat are extinguished and the tube 
allowed to cool. The spiral of reduced copper gauze is then 
placed in the tube and the weighed calcium chloride tube and 
potash bulbs attached The boat contammg the weighed 
amount of coal is introduced and the diffusion bulb or spiral 
replaced. Oxygen is turned on and the diffusion bulb heated 
first, and then the reduced copper spiral. The heating of the 
tube should now be made to converge upon the coal, the pre* 

. liminary heating of which should be carefully controlled until 
the evolution of the volatile matter has occurred. The whole 
tube may be heated strongly and the speed of the combustion 
governed by the glowing of the coal. The stream of oxygen 
is replaced by air five minutes after the glow has ceased. After 
about two litres of air have passed through the tube, the calcium 
chloride tube and potash bulbs are removed and allowed to cool, 
in a position having level atmospheric conditions, and re-weighed 
at the expiration of 30 minutes. The boat is removed, carefully 
examined, allowed to cool in a desiccator and re-weighed. The 
ash should be inspected to determine whether any carbon remams 
. and if any part of it has fused; if the latter has occurred, the 
masses must be broken and carbon again looked for. 

The gain in weight of the calcium chloride tube is the water 
from the oxidation of the hydrogen, the free water, and the 
water of constitution. 

The gain in weight of the potash bulbs is due to carbon 
dioxide, formed by the oxidation of carbon and by the decom¬ 
position of carbonates. 
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Oxygen in Coal, 

As no direct method is known for the determination of oxygen 
in coal, the percentage can only be arrived at by difference. 
The value is therefore open to the accumulated errors of the whole 
of the analysis. Certain assumptions are required wliich are 
of very doubtful accuracy, with the result that the percentage 
of oxygen found may differ considerably from that actually 
present, unless the investigation of the coal is very exhaustive. 
The value is of considerable mterest, as a classification of coals 
has been based upon their oxygen content, and the percentage 
is also required if it is desired to apply any formula for the 
calculation of the calorific value from the results of the chemical 
analysis. From a knowledge of the oxygen present in coal 
the percentage of hydrogen available for the production of gas 
(the disposable hydrogen) may be calculated, and a rough idea 
may be formed of the probable amount of aqueous di.stillates 
the coal will yield on being carbonised. 

The following is a brief summary of some of tlie points it 
is necessary to consider in attempting to arrive at the percentage 
of oxygen in coal. 

Ash. The percentage of inorganic compounds, as distinct 
from the residue left on ignition, must be deduced as accurately 
as possible. As pointed out under the analysis of ash, the actual 
partings occurring in the co al should be analysed, If the assump¬ 
tion is then made that the carbon dioxide found, when the coal 
is treated with acids, is present in this form, the actual amount 
of the compounds may be calculated. The excess of iron may 
be considered to be present as pyrites. The aluminium, calcium, 
alkalies, and silica will occur as natural silicates, the composition 
of which will determine roughly the number of molecules of 
water of constitution present. The hydrogen this water con- 
* tains is deducted from the amount found by c'ombustion, the 
result being the true amount of hydrogen in the coal. 

Water. The water in coal occurs in at least two forms— 
that driven off at 106° C., and the water of constitution men¬ 
tioned above. 
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Sulphur. The sulphur required to combine with the excess 
ot iron mentioned above is calculated and deducted from the 
total; the difference ma)" be assumed to be present as part 
of the organic substance of the coal. If any doubt exists about 
tills point, the amount of sulphur occurring as sulphate should 
be deteimined. 

Nitrogen. Nitrogen is generally coiibidercd to occur in the 
urganu' substance of the coal 

Carbon. The true percentage of carbon is found as described 
under the combustion 

Tile sum of. The uiorgamc compounds (plus the water 
ol constitution of the clays ); the water driven off at 106° C.; 
the organic sulphur; the nitrogen ; the true hydrogen and 
I'lirbon is deducted from 100, when the value is the percentage 
of oxygen in the coal. 


yj/i poitable tlyd) ogen . 

hoi* certain pui*poses it is convenient to assume that the 
hydiogen in the coal substance re-acts with the oxygen present 
as soon as the coal is heated; the water formed constitutes 
a portion of the aqueous distillate always associated with the 
carbonisation of coal. If, for example, a coal contains 4-6 per 
cent, of hydrogen and 8 0 per cent of oxygen, the disposable 
or available hydrogen is 3 5 per cent., i.e.^ 4 5 per cent, less 
the amount of lijdrogen which will combme with 8*0 per cent 
of o.xygcu (viz,, 1 *0 per cent.). 
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The following tests are not included under the chemical 
analysis of coal:— 

The determination of the calorific value. 

The examination of the character of tlie coal from the point 
of view of coal washing—including the determination 
of the specific gravity and the composition of the occluded 
gases. 

The determination of the temperature of spontaneous igni¬ 
tion and glow. 

The carbomsation on a small scale. 

The microscopical examination. 

Tlie examination of the coal duung its commercial applica¬ 
tion 


I wish to place on record my thanks to !MiSb P. Wi.iv' ior 
her help during the preparation of this manuscript, and I am 
indebted to Mr. A. Grounds, B.Sc., A.I.C., for liis kindness in 
preparing the drawmgs. 
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PREFACE 


The investigation contained m the present bulletin is obviously j 
incomplete, but the members of the Research Association feel 
that m view of the interest attached to tlie results it is desirable 
to place them on record, especially as considerable time may be 
required for the completion of the work, | 

As mentioned in a previous preface (Bulletin No. 3), it is not 
the mtention of the Association to allow work to accumulate, and 
to publish it m lengthy reports or papers, but rather to place 
reliable information before the industry as quickly as possible, ^ 
m what we consider to be a convenient form. 


We welcome any suggestions, especially from otlier coalfields, 
in order that the work we are undertaking may be given a wider 
interest than that associated with the coals from one field. 

R. A. BURROWS, 
President of the Lancashire and Cheshire 
Coal Research Assodation. 

Atherton Collieries^ 

Atherton. 




COAL DUST and 
FUSAIN 


Introduction, 

During the examination of the cliaracteristics of tlie chief 
beams in the Lancashire coalfield, it became necessary to investigate 
the Fusain (mother of coal, mineral charcoal, suddy parting, 
carbonised wood) associated with the various coals. The chief 
object of the work was to determine the composition of the fusain 
and the amount present in the dust produced dunng the workmg 
of the coal at the colliery The investigation is being continued 
with the special object of determming (1) tlie amount of fusain 
present in different coals, (2) the properties of tlie fusam with 
especial reference to the temperature at which it will ignite, (3) 
the influence of the fusain upon the general properties of the coal 
or coal dust in whicli it occurs. 

Literature of Fusain, 

The literature of the subject is fairly full on the paleobotanical 
side, and Tideswell and Wheeler in their recent paper (J.C.S., 
June, 1019), indicate tlie relationship which may exist between 
a particular specimen of fusain, and the coal m which it occurs. 

J. J. Stevenson,Tn the Proceedings of the Amencan Philoso¬ 
phical Society, 1011, l-lKi, after descnbmg the vanous ways 
in which fusain might be formed, states that it usually contains 
less volatile matter than the enclosing coal, and that the per¬ 
centage of volatile matter varies between ()-4 and 30-7 per cent.. 
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but that in certain specimens a ver}' high percentage of \olatile 
matter was found, namely, 48*1 per cent, in coals underlying 
the Homewood sandstone A specimen containing 11*3 per 
cent, of volatile matter was associated with the coal containing 
26*5 per cent, but, m another case, the average of a number of 
analyses showed that fusam could contain 20*9 per cent,, and the 
surrounding coal only 17 per cent. In this paper it is suggested 
that the volatile matter of fusam bears a relationship m quantity 
to that of the enclosmg coal 

With reference to the percentage of v'olatile matter found 
by* tins experimenter, it will be shown that fusam frequently 
contains coal intimately mixed witli it, and this maybe the reason 
for the percentages of volatile matter found It ma}^ be remarked 
that no specimen of fusain obtamed from Lancashire coals has 
been found to contain a greater percentage of volatile matter than 
tlie coal with which it is associated. 

In Tideswell and Wheeler’s paper, coal from the Hnmiistead 
colliery was mvestigated ; fusain occurred containing 22 per cent, 
of volatile matter, whilst the surround mg coal vaned between 
38*6 and 40*8 per cent.; the ash present m the fusain is stated 
to be 10 per cent., and that in the surrounding coal to lie from 
1*2 to 3 6 per cent 

The anal}'^is given Wheeler for fusain is as follows :— 
Approximate Analysis. 


Per cent. 


Moisture. 

3 0 

Ash .. 

10*0 

Volatile matter per cent, on ash free dry 
coal . 

22*6 

UUmate Analysis. 

Carbon . 

84*7 

Hydrogen. 

3*fi 

Nitrogen .. , . 

1-05 

Sulphur . 

0*65 

Oxygen . 

9*7 
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S topes and Wheeler (Constitution of Coal, p, 23) state that 
It would seem that the composition of the ash of fusam is fairly 
uniform, judging from the following analyses, Green et alia 
(1878) ’’ 

Ash of Fusain. 



Better Bed. 

Haigh Moor. 


Per cent 

Per cent. 

Silica 

38-7 

3(M 

Alumina . 

33-9 

28-r 

Feme oxide 

(i-9 

18-3 

Lime 

9-8 

4-D 

Magnesia 

2-8 

0-7 

Sulphuric acid . 

7-7 

7-6 

Alkalies, &c. .. 

0-3 

4-1 


The ash from a number of specimens of fusain obtamed from 
Lancashire coals has been examined, and the following two are 
quoted to indicate that the composition of the ash of fusain 
may vsiry over wide limits. 


Analysis of Abh of Fusain, 



Fusam Asli. 

Fusain Ash. 


(Ravine Mine 

) (Mountain Mine) 


Per cent. 

Per cent. 

Silica 

8-37 

37-78 

Iron oxide 

45-72 

4-94 

Alumuiium oxide 

9-21 

33-OG 

Calcium oxide .. 

12-64 

9-81 

Magnesium oxide 

2-18 

2-14 

Sulphur trioxide 

18-18 

8-22 

Alkalies and loss 

3-70 

4-05 

Colour .. 

Light brown. 

Practically white. 


Occurrence of Fusain, 

Fusain occurs widely in Lancashire coals, but the amount 
present varies considerably. There appear to be at least two 
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distinct forms of fusam; the first is a hard compact \ariety 
occurring rather rarely, which cannot be pulverised by pressure 
of the fingers i the second type is the common substance, and 
is dealt with in these notes. It appears to be present in 
Lancashire coals in two forms ^ as plates, bands, or in large 
lumps (one specimen found in the Peacock Mine weighed :Hlbs.); 
and, secondly, as a powder distributed over the surface of the 
coaL In certam seams the fusain forms a network throughout 
the mass of coal, the planes not being more than iin apart. 
As fusain possesses little cohesive power, coal fractures most 
easily along the planes in which it occurs, and in view of this, 
the surfaces of coal are covered with a layer of fusain This 
of course does not apply when the whole of the coal is being 
pulverised, or a considerable grinding action is taking place, 
but mainly where it is bemg broken by fracture. The layers 
of fusam (which generally contain less moisture than the as¬ 
sociated coal or lose moisture more rapidly) quickly change to 
a flocculent powder, when the surfaces on which they are deposited 
are exposed to the air, and the dust produced from the coal 
naturally tends to contain a higher proportion of this substance 
than of the coal itself. It will be shown later (p H) that this 
phenomenon appears to have a distmet bearing upon the com¬ 
position of the dust from coal, and especially upon that of the 
dust occurrmg m the mine, the screen rooms, &c. 

Physical Properties of Fusam, 

Fusain is a jet-black powder, which retains its black colour 
when pulverised to a fine state of division, e.g., to pass through 
a sieve of 1/200 mesh, whereas bituminous coals, ground to a 
similar degree of fineness, frequently yield dust the colour of 
dark mahogany. 

Fusam causes a black and dirty smudge on the skin, whic'h 
has an appearance similar to that produced by clmrcoal. It 
is removed from the skin with difficulty, as it seems to have a 
greater affinity for the perspiration than coal dust, jirobnbly 
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owing to Its highly porous nature. An emulsifying agent (soap) 
is necessary to remove itj and it has been found that the skin 
is cleansed more thoroughly when fusam is present than when 
soap alone is used 

Fusam has a needle-like structure, whilst particles of bitu¬ 
minous coals, of the same degree of fineness are, as a rule, more 
rounded. Fusam may therefore be distinguished from coal 
dust by means of the microscope. When a mixture of coal 
and fusam is sieved, the particles of fusam passmg through a 
particular size of mesh tend to be larger than the particles of 
coal, owing to the comparatively greater length of the units of 
fusam compared with their breadth 

Fusain ignites with considerable ease at a low temperature, 
and continues to smoulder at a dull red heat Many examples 
have been met with of this matenal continumg to smoulder 
without the production of flame, or the evolution of compounds 
ha\'ing an odour, thus differing fundamentally from coal under 
similar circumstances The fact that little odour is produced 
adds to the dangers associated with the combustion of fusam, 
as practically no indication is afforded of the substance being 
on fire. 

The following experiments indicate the manner in which 
fusain burns. A briquette measuring 4:in. by 4in. by 9in, was 
made by mixing fusain with water, it was dried at a temperature 
of about 105° C, and allowed to stand for one week. The bri¬ 
quette was then placed on a stone slab, and the tip of one comer 
heated to redness by means of an ordmarv^ match The 
briquette was allowed to remam undisturbed, and in about 
an hour the whole of it was consumed without the production 
of smoke or flame ; there was no evidence of combustion except 
a faint pleasant aromatic odour, resembling that of pitch-pine. 
The mass smoulders internally, for when the surface is removed, 
a glowing dull red zone is exposed. The residual substance, 
iu certain experiments, was a finely powdered coke—in fact, it 
appeared as if the volatile matter only had been consumed; 
in others the residual substance was the ash A briquette of 
similar dimensions, containing 60 per cent, of fusam and 60 per 
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cent coal, acted m the same manner, and aj^^ain practically no 
odour or smoke was produced. 

This experiment was repeated in a number of ways ; small 
heaps were made and the same method of ignition employed, 
with results which were similar to tliose described, but in many 
instances nothing remained except the ash of the material. 
Dusts from the following sources were examined * a dust col¬ 
lector, a screen room, the froth from a coal washer, all of which 
contained fusam, similar results being obtained. Fusain appears 
to play the part of a touchwobd or tinder, assisting the com¬ 
bustion of the finely-powdered coal. One case may be cited of 
the dust from a dust collector becoming ignited by the heat from 
an electric globe which was placed near to it. 

Reference may be made to an experiment carried out for 
Mr. J. B. Atkinson, H.M. Inspector of Mmes, Newcastle-on- 
Tyne (Inst Mining Engineers, 1900, 39, 742), on wind-borne 
dust, m winch it was found tliat if the dust is placed in a cone, 
and heat applied to the top of it, the dust would eventually—if 
the experiment were successful—^become red-hot throughout, and 
the heat would permeate the whole mass. (The combustion 
spread tliroughout the mass, and the plate on which it stood 
was cracked by the heat developed.) Mr. Atkinson stated that 
whetlier that was due to the occluded oxygen or not lie did 
not know—that was a matter for chemists.” 

Mr Atkmson also remarked that “ Dr. Bedson’s experiment 
had shown that the fine dust at the face or the fine dust irom 
freshly-ground coal was more readily inflammable tlian tlie 
dust on the haulage roads, the latter dust being, notwithstand¬ 
ing, the more dangerous, because in tlie first place it was very 
fine; secondly, it was m situations where it readily formed a 
cloud (that was on the upper surfaces of the road); and, thirdly, 
it was accompanied by a swift current of air ” 

He further stated that “ a good deal of coal dust came from 
tlie screens on the surface; it was brought down the shaft, and 
the coarser particles settled like the sands from a river, first, the 
finer particles or mud being carried farther in and settled on the 
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timber.” It is unfortunate that the chemical composition of 
the dust mentioned m tlie above experiment was not given. 
The action is similar to that recorded in our experiments. 

Coke from Fusain, 

When fusain is carbonised; no external evidence of the 
formation of coke is visible, as the latter has an appearance 
identical with that of the original substance. This might be 
expected; as the amount of volatile matter evolved is small, 
and is practically free from tarry matter. 

The coke from fusam is quite deficient in cakmg power, and 
its volume is about the same as tliat of the original substance. 

The coke is jet black m colour, and thus may be distinguished 
from ordinary^ coke, which is generally grey m colour. It follows 
that tlie presence of fusain m coni dust may liave a considerable 
influence upon the cakmg index or the agglutinating power 
of tlie natural dust from coal, and also upon the agglutinating 
power of the slurry or fine matenal from coal washers; in 
fact, it acts as finely pulverised mert matenal. Grounds and 
one of us have shown that the degree of fineness of the inert 
material with which coal is mixed has the greatest influence upon 
tlie caking properties of the coal. (J S C 1, 39 , 83) 

Method of Separating Fusain 

The material was separated by breaking lumps of coal, and 
removing the fusain with a spatula when it was present m the 
form of sheets, or by brushing it lightly from the surface of the 
coal It was air-dried and powdered by pressmg it gently 
between the fingers, and the resulting material sieved through 
a sieve of 1 /30 mesh. The portion which passed through was 
again gently pressed between the fingers. It was again sieved, 
and the portion which passed through a 1/00 mesh was assumed 
to be fusain In order to ascertain the composition of a char¬ 
acteristic piece of fusain, a special speamen which measured 
4in. by 2in. by Jin. thick, found in the Ravine Mine, was broken 
in the manner described above. It was then air-dned, an 
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average sample taken from it, and sieved quantitatively with 


the following results :— 

Per cent. 

Remaining on a 1/30 sieve .. 25*4: 

Between 1/30 and 1/60 sieve .. . 33*() 

Between 1 /(iO and 1 /90 sieve .. .. 35 • 3 

Passing through a 1/90 sieve .. .. 5*7 


The colour of the above fractions showed a distinct variation, 
the finer portions being a more intense black colour than the 
coarser portions. 


Upon analysis the fractions gave:— 



Coal 

Fusain 

Fusain 

Fusain 


remaining 

through 

through 

through 

Percentage 

on a ] /30 

1/30 to 

1/60 to 

a 1/90 

mesh 

1 /f)0 mesh 

1/90 mesh 

mesh 


sieve. 

sieve. 

sieve 

sieve. 

Moisture.. 

1-50 . 

. 0 90 . 

. 0-66 . 

. 0-70 

Ash 

17-60 

. lO-(X) . 

. 5-89 . 

. 6-70 

Volatile matter . 

24-20 

. 16 24 . 

. 11-97 . 

. 11-73 

VoL org. matter 

22-70 

. 15-34 . 

. 11-42 . 

. 11-03 

Cake 

75-80 . 

. 83-76 

. 88-03 . 

88-27 

Fixed carbon .. 

. 58-30 

. 73-76 . 

. 82 14 . 

. 81-57 

Sulphur .. 

5-96 . 

. 3-61- . 

. 2-34 . 

. 2-82 

Colour of Ash ,. 

. Maroon 

. Maroon. 

. Brown. 

. Light 
maroon. 

Nature of coke . 

.Dull grey, 

Dull grey, 

Dull grey, 

Dull grey, 


very hard, 

in¬ 

in¬ 

in¬ 


a compact 
flat 

button. 

coherent. 

coherent. 

coherent. 

Iron in ash 

. 3 ]-6 . 

. 30-3 

. 33-2 . 

. 35-0 


It IS evident that the portion remaming on the 1/30 sieve— 
25 per cent.—differed from the remainder of the material; in 
physical appearance it resembled an ordinar}^ specimen of Imrd 
bright coal. No ordinary fusain could be detected in it by 
microscopic exammation, and it could not be crushed b)" simple 
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pressure of the iin^^ers. It will be seen that its composition 
differs considerabl}" from that of the coal (Ra\'me) with which 
the piece of fusain was associated (see p li). It seems reason¬ 
able to suggest that coal associated with pieces of fusain may be 
somewhat different in composition from that of the coal of the 
seam itself 

One reason for the examination of this piece of fusain was 
the notably high percentage of sulphur it contained, and it may 
be remarked that the coal-hke portion contained a considerably 
higher percentage of sulphur than the fusain portion. The 
conclusion we wish to draw from the abo\^e values is that fusain 
may be pulverised with great ease, and that a high proportion 
of the resulting powder consists of matenal which will pass 
through a sieve of 1 /(>0 mesh , further, matenal which will pass 
through such a sieve appears to be fusain m practically a pure 
form. This is shown clearly from the analyses, as the part 
between l/()0 and 1/1)0 mesh has practically the same com¬ 
position as matenal which passes through a 1/00 sieve. The 
fusain from different sources appears to differ in the size of its 
particles. 

The following tables have been prepared to show tlie com¬ 
position of a number of samples of fusain, compared with the 
coal with which it is associated The fusain was collected by 
breaking lumps of coal, and brushmg the matenal from the 
surfaces thus exposed; proximate analyses were carried out 
on the air-dried material, and ultimate analj^ses on the material 
dried at lOS*^ C. for one hour 

1. Bacon Mine, Upper King Coal, 


Percentage 

Fusain. 

Coal. 

Moisture. 

1*23 

2-1(5 

Ash . 

10-Sh 

3-72 

Volatile matter. 

19 90 

.. -10-19 

Volatile organic matter 

18*n7 

.. 38-03 

Coke . 

80 10 

.. 59-81 

Fixed carbon. 

()9*24: 

.. (5(5-09 

Calorific value B.Th.U. per lb... 

13,423 

.. Ilj060 
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Fusam. 

Coal. 

Carbon. 

77-30 

7(5-9(5 

Hydrogen 

3-82 

6 -(H 

Nitrogen . . 

0-79 

1 (52 

Sulphur. 

l -()2 

1-98 

Ash . 

11-00 

3-80 

Oxygen (by difference) . 

5-47 

10-(S.3 ■ 

Carbon on moisture ash-free 

Imsis 

86-7 

.. 80-0 

The coal was very bright and glossy, and con tamed some 

partings of ankerite. The fusain 
jet black m colour. 

was bright, bulky, and 

Moimtain Mute. 

Percentage. 

Fusain. 

Coal. 

Moisture .. 

0-45 

•2-73 

Ash . 

7-U 

3-52 

Volatile matter .. 

9-62 

.. 2(5-40 

Volatile organic matter 

8-87 

.. 23-73 

Coke . 

90-(iS 

.. 73-64 

Fixed carbon 

83-54 

.. 70-(52 

Calorific value B Th.U. per lb... 

13,9(58 

.. 15,040 

Carbon 

_ 

.. 81-<.)4 

Hydrogen . 

— 

5-28 

Nitrogen. 

— 

1-16 

Sulphur. 

— 

1-el 

Ash . 

— 

3-(52 

Oxygen (by difference).. 

— 

e-39 

Carbon on moisture ash-free 

basis. 

— 

.. 85-0 


The coal was exceedingly fragile, and some pyrites partings 
were present. The coke from the coal was very bulky, 
porous and fragile. 















Hell Hole Mine — Hmotoivn, — East end oj field. 


Percentage. 

Fusain. 

Coal. 

Moisture . . 

0-70 .. 

1-94 

Ash . 

(>71 .. 

2-07 

Volatile matter. 

16-97 

35-00 

Volatile organic matter 

15-27 

33-00 

Coke . 

84-03 .. 

(55-00 

FLxed carbon. 

77-32 

(52-33 

Calorific value B.Th.U. per lb... 

14,015 .. 

14,689 

Carbon .. 

83 2() .. 

82-25 

H 3 ^drogen 

3-27 .. 

5-34 

Nitrogen .. . 

0 - 8 -J- .. 

l -()2 

Sulphur .. 

3-3(5 

1-02 

Ash . 

()-7() 

2-73 

Oxygen (by difference).. 

2*51 .. 

T^^OS 

Carbon on moisture ash-free 
basis. 

89-3 

84-6 

The coal was black, shiny, and hard, and contained a fair 

quantity of fusam. No ankeritic 

partings were present. 

Arley Mine. 

Percentage. 

Fusam. 

Coal. 

Moisture .. . 

1-40 .. 

1-92 

Ash . 

4 72 .. 

3-23 

Volatile matter ., 

13-21 .. 

36 34 

Volatile organic matter 

11-81 .. 

33 42 

Coke . 

8 () 79 .. 

64-(5(5 

Fixed carbon 

82-07 .. 

61-43 

Calonfic value B Th.U.per lb. 

14,700 .. 

14,740 

Carbon .. 

84-C,3 . 

82-32 

Hydrogen 

3 24 .. 

6-61 

Nitrogen. 

0-76 , 

1-64 

Sulphur .. 

2-11 .. 

1-45 

Ash . 

4-79 

3-29 

Oxygen (by difference).. 

4-47 .. 

5-89 

Carbon on moisture ash-free 



basis. 

88*il 

85-1 


Clean, black, strong coal 
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6 . Ravine Mine. 


Percentage. 


Fusam. 

Coal. 

Moisture .. 


1-60 .. 

2-42 

Ash 


11-22 .. 

4-06 

Volatile matter .. 


15-80 .. 

36 • 6(i 

Volatile organic matter 


14-30 .. 

34-14 

Coke 


84-20 .. 

63-44 

Fixed carbon 


72-98 .. 

69-39 

Calorific value B Th.U. per 

lb.’ 

12,880 .. 

14,360 

Carbon. 


7()-85 .. 

78-42 

Hydrogen 


3-47 .. 

6-24 

Nitrogen. 


0-73 .. 

1-60 

Sulphur. 


2-86 .. 

2-28 

Asli . 


11-41 .. 

4-16 

0\}'gen (by difference).. 


4-()9 

8-41 


Carbon on moisture ash-free 
basis. 8 f )-8 .. 81-8 

Fairly strong black coal with ankerite partings and some 
thin pyritic bands Gives a dense coke on coking. 


The Compositian of the Dusts from Mines. 

As wc have been unable to find any reference to the per¬ 
centage of fusain m mme dusts, it appeared to be of interest 
to determme the amount present. A number of samples of dust 
were obtained from two separate pits from the Arley Mine, the 
first sample being collected from the floor of the pit, w'ithin 
about 10 yards from the working face. Every care was taken to 
obtain a representative sample of dust, and for the purposes 
of this test a place wluch had not been stone-dusted was chosen. 
it has been found that the volatile organic matter in artificial 
mixtures of fusain and coal varies with the proportion of the 
constituent present within the limits of experimental error. 
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The percentages of fusain present in the dusts were calcu¬ 
lated from the following ;— 

Fusain Volatile organic matter on ash and moisture 
free basis = 12-0 per cent. 

Coal: Volatile organic matter on ash and moisture free 
basis =35*0 per cent. 

It has been found that the volatile organic matter of mix¬ 
tures of fusain and coal agree witli that obtained by calculating 
the values upon the percentage of each constituent^ assuming 
its volatile organic matter to be as stated. Where it is proposed 
to carry out similar work, it is necessary to analyse tlie pure 
fnsam and pure coal of any particular seam, when it becomes 
possible to carry out the above calculation. 

Analysis of Samples of Mine Dust. 


First Pit.—Arley Mine. 


Percentage. 

First sample. Second sample. 

Moisture .. 

• • « 

1-0 


1-2 

Ash 


.. 20 4 


24-4 

Volatile matter 


.. 21-7 


21-4 

Volatile organic matter 

.. 20-7 


20-2 

Coke 


.. 78-3 


78-6 

Fixed carbon 

.. 

.. 67-9 


64-2 

Fusain present . 


.. 38% 


3i% 

Second Pit.—Arley Mine, 

Sample 

Sample 

Sample 

Sample 

Percentage, 

No. 1. 

No. 2. 

No. 3. 

No 4. 

Moisture.. 

1-3 

.. 0-9 .. 

1-4 

.. 1-4 

Ash 

28-7 

.. 10-1 .. 

23-2 

.. 19-2 

Volatile matter.. 

21-8 

.. 22-6 .. 

25-0 

.. 25-4 

Volatile organic 
matter 

20-6 

.. 21-6 .. 

23-6 

.. 24-0 

Coke 

78-2 

.. 77-6 .. 

75-0 

.. 74-6 

Fixed carbon .. 

49-5 

.. fi7-4 .. 

61-8 

.. 56-4 

Fusain present.. 

26% 

■ • ^'^% 

10% 

.. 21% 
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In the case of the samples from the second pit, a special 
board was placed on the floor near to the working face, and the 
dust which accumulated upon it used for the analysis. It will 
be observed that all the samples of dust contained a low per¬ 
centage of volatile organic matter, and when this value was 
calculated upon an ash and water free basis, it was still consider¬ 
ably below the amount present in tlie coal The reason for this 
lies in the fact that the dust contains a proportion of fusam, 
which reduces the volatile matter of the dust The amount 
of fusam present has been calculated upon the assumption 
that it contamed 12 per cent, of volatile organic matter. These 
values were obtained under the conditions of the test for volatile 
matter which we adopted throughout the whole of this work. 

Examination of the Dust from iiie Dust Collector attached to a 
BelUptcliing Room, 

This dust is formed during the process of hand-picking, or 
at a time when the coal is being broken by simple fracture. It 
is separated from the air by means of a dust collector. The 
dust was sieved quantitativ'-ely, and an average sample then 
anal}^ed. The two main fractions from the sieving test were 
also analj^sed. 


Approximate Analysis, 


Per cent. 

Moisture :. 


.. 1-2 

Ash . 


.. {)•! 

Volatile matter .. 


.. 22-(} 

Volatile organic matter ., 


.. 21-4 

Coke . 


.. 77'4 

Fixed carbon 


.. (i8'» 

Fusain 


.. 4i)% 
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Qmniiiattve Sieving Test, 


Above 1/30 mesh sieve.. 
1/30 to l/(>0 mesh sieve 
1/60 to 1/00 mesh sieve 
Through 1/00 mesh sieve 


Per cent. 
.. 0 
.. 1*5 
.. 3 0 
. 95-6 


Analysis, 

Mesh of sieve. 

1/30 to 1/00. 

Per cent. 

Moisture.2*1 

Ash .7’0 

Volatile matter.. .. 31-3 

Volatile organic matter 20*2 
Coke .. .. .. 68*7 

Fixed carbon .. .. ()1*7 

Fusain.13% 


Mesh of sieve. 
Through 1/90. 

Per cent, 

Moisture .. .. 1*2 

Ash .9*6 

Volatile matter .. 21*4 

Volatile organic matter 20 ■ 2 

Coke.78-6 

Fixed carbon .. ,. 09*0 

Fusam.54% 


The material bemg dealt with at the time the sample was 
collected was Arley coal. It mW be observed that the dust is 
in an extremely fine state of division, and contamed approxi¬ 
mately 50 per cent, of fusain. The collier}" proprietors recognise 
that this dust is liable to take fire and to smoulder. 


Examination of the Accmmtlation in the Slurry Separators of a 
Washery, 

In one particular slurry tank, the fine dust from the washery 
and the dust from a dust collector are collected together as 
slurry, and the material is allowed to settle throughout a period 
of one week ,* durmg this period about 100 tons of slurr}^ accumu¬ 
lates. A t 3 rpical tank containing 100 tons of it was taken, and 
a section carefully cut from top to bottom, each successive Gin. 
in depth being collected m a separate vessel. The analyses 
of the material in the slurry tank are given in the following 
table. 
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In the last column the proportion of fusain present is s^iven, 
calculated by the method mentioned earlier in this paper:— 

No, 1 Washery {Slurry or Dant Tank), 





Volatile 

Per¬ 

Slurry. 

Moisture. 

Ash. 

organic 

centage 




matter. 

of fusain. 

Gin.— Gin. 

.. 1-90 . 

G-O 

.. 21*3 

52 

Gin.—12in. 

..2-0 

10-9 

. 2G-1 

22 

12m.—18in. 

7-7 .. 

10-G 

.. 24-0 

24 

18m.—^24in. 

.. ()-8 

10-G 

. 25-4 

19 

24m.—30in. 

..3-4 

9-G 

.. 27-5 

15 

30 in.—3Gin. 

. 6-3 , 

11-2 

. 2G-4 , 

15 

3Gm — i2in. 

. 7-1 

13-4 

.. 24-() , 

21 

42 m.—48m. 

.. 8-3 

13-3 

.. 21-9 

31 


The above analyses show conclusively that most of the 
matenal collected in the slurry tank contains a relatively high 
percentage of fusain. It is well known that such material is 
difficult to dry, and this may be due to the presence of the fusain. 
When it is realised that fusam }aelds a non-coherent coke, it will 
be seen that this fine matenal has a deletenous effect upon the 
coke produced. It has been shown by Grounds and one of us 
that very finely divided inert matenal possesses the property 
of reducing the caking power of coal^ and it follows that as 
fusain possesses no coking power, the coke produced from coal 
containing any quantity will be less coherent than that obtained 
from pure coal. It may be pointed out that ^the top Gin. of 
material collected in the above sluriy’’ tank yielded coke which 
was absolutely deficient in cakmg power, although the coal 
with which it was associated has an agglutinating value equal 
to 14 parts of sand. Every section of the above tank yielded 
coke which was less coherent than the pure coal. It is the 
practice, where the coal is bemg used for coke making, to mix 
the fine slurry with the coal previous to carbonisation. Our 
tests indicate that tlie effect of the fine material is probably much 
more pronounced than is usually recognised, and that precautions 
should be taken to ensure efficient distribution of the fine material 
throughout the whole mass of the coal. If distinct layers of 
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slurry arc allowed to form, the coke produced will possess distinct 
lines of weakness, and consequently be more fragile 


It is not proposed to discuss m detail the results given in 
this bulletin at the present stage of the work. It is clear that 
dust in mines and in places where the coal is broken by fracture 
may contain a considerable percentage of fusam. 

Fusain is a flocculent and porous powder, and occurs m a 
fine state of division ; this facilitates its suspension m a current 
of air. 

Dust from a dust collector, of which 95 per cent, by weight 
would pass through a sieve of 1/90 mesh, was found to contain 
about 49 per cent, fusain. 

From the experiments it is clear that in studying the pro¬ 
perties of coal dusts a sliarp distmction must be drawn between 
dusts produced by the natural fracture of the coal, and those 
formed by ordinary pulverisation. Results obtained upon 
the latter are valueless as an indication of tlie properties of the 
actual dusts found in the pit, screen room, &c., as these contain 
varying percentages of fusam. 

It would appear that when a fire has been started in 
fusain, or in mixtures of fusain and coal dust, that the 
zone of combustion rapidly traverses the mass, and con¬ 
sequently the presence of fusain in the dust in the goaf 
and in mines generally, may have a marked influence 
ui^on the tendency any paiticular seam has to produce 
gob fires, and for the zone of combustion to spread 

We wish to place on record our thanks to Miss P. Wray 
for her help during the preparation of tliis bulletin. 
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PREFACE 


The results of few investigations upon the strata associated 
with Lancashire coals have been published, and as the subject 
is one of general interest it appears desirable for the Research 
Association to examine such problems and place the details on 
record. 

When this information has been at the disposal of the indus¬ 
trial world it is possible that applications may be found for the 
materials, and thus a greater use be made of the nation’s mineral 
wealth. 

R. A BURROWS, 

President of the Lancashire and Cheshire 
Coal Research Association 


Atherton Collieries^ 
Atherton, 


HOO CANNEL 


Introduction, 

Few publications appear m the literature dealing with the 
subject of low-grade cannel coals ; it is therefore desirable to 
place on record the present study of the properties of a typical 
seam, with a view to the possible utilisation of similar deposits. 

From the point of view of the conservation of the national 
resources, it is unfortunate that methods of utUismg low-grade 
cannels on a large scale have not been more widely developed. 
It is obvious that suitable applications for such matenal are not 
easy to suggest, but it is thought that if the general charactem- 
tics of such cannels were more widely known, certain industries 
might find it economical to substitute the cannels for coal, either 
wholly or in part. 

The term Hoo Cannel is largely used in Lancashire for cannels 
containing a high percentage of ash to distmguish them from 
low-grade shales , seams varymg in thickness from a few inch^ 
to several feet occur in the Lancashire coalfield. The cannel is 
generally associated with seams of coal, and frequently forms the 
upper stratum. It possesses highly tenacious properties, and the 
coal parts from it with a perfectly clean fracture; for these 
reasons it forms an excellent roof for working the actual coal 
seams, and consequently it is a distinct advantage in many cases 
to leave the cannels in the goaf. The cannel shows practically 
no tendency to take fire in the goaf. 

Hoo Cannel may be of interest in the following branches of 
industry:— 
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1, Coal Gas Manufacture and Low-temperature Carbonisation, 

In view of the fact that the manufacture of coal gas is tending 
towards the complete conversion of coal into volatile products of 
carbonisation without the production of coke, Hoo cannel might 
find uses for this purpose. The disadvantage attending the high 
percentage of ash might be compensated for by the material 
being purchased upon the basis of its calorific value, and under 
such circumstances there appears little objection to the material 
as one from wliich highly efficient gas could be obtained ; the 
complete conversion of the carbon into water gas would be readily 
accomplished. Furthermore, it is suggested that the ash or 
clinker should form a marketable product. 

2. Pulverised Fuel and Cement Manufacture, 

The inorganic constituents of Hoo cannel are practically 
homogeneous in composition, and as the cannel is found to 
pulverise with ease (see p. 9), it appears to be a material which 
would find a distinctly economical application m the production 
of cement and as pulverised fuel. Pulverised Hoo cannel 1ms 
been found to burn readily in an expenmental burner. 

3. Producer-gas Mamfacture 

The percentage of nitrogen present in Hoo cannel, calculated 
on a basis of pure organic material, is quite as high as that in good 
bituimnous coals In general properties Hoo cannel is entirely 
non-caking, and retains its form when undergoing carbonisation 
or oxidation. It therefore appears to be a material which should 
find a ready application in power producers, especially in those 
in which the removal of the ashes is facilitated by movable 
grates or ash pans. 

The residue from (1) coke and (3) clinker, might form a filling 
material for light concrete, as it combines lightness with strength, 
durability and non-inflammability. 

Examination of a Typical Seanu 

The particular specimen of Hoo cannel examined in this 
bulletin was obtained from the district of Hindley, Lancashire. 
The section of the whole seam is shown in the diagram. 
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It will be observed that associated with the Hoo caimelj and 
lying above it, is a band of low-grade shale, and that the latter 
contains a considerable amount of organic matter; some por¬ 
tions are distinctly rich in volatile organic matter, whilst in others 
the amount of ash shows it to be an ordinary type of shale. 

Chemical Analysis. 

The accompanying table shows the proximate analysis of the 
strata associated with the band of Hoo cannel, and includes 
analyses of the shale and Hoo cannel at the top and the bottom 
of each layer, i.e , the top inch and the bottom inch of each band 
of matenal:— 


Sample. Description 

Mois¬ 

ture. 

Total 

Volatile 

Matter 

Volatile 

Organic 

Matter. 

Coke 

Fixed 

Carbon 

Ash 

1 Roof Rock 

0 

■41 

35 

■92 

35‘SI 

04-08 

— 

08 

•86 

2 Top Shale (top inch) ., 

1 

30 

20 

92 

28-62 

70-03 

31-78 

37 

00 

3 Top Shale (bottom inch) 

1 

72 

19 

74 

18-02 

80*26 

17-14 

01 

40 

4 Top Hoo Cannel 

1- 

56 

34- 

81 

33-25 

65-19 

38-33 

26 

30 

6 Bottom Hoo Cannel .. 

2 

15 

33 

•15 

31-00 

08 86 

00 

00 

o 

23 

82 

0 Average Hoo Cannel .. 

2 

10 

3S 

70 

31‘60 

66‘30 

39‘78 

U 

42 

7 Top Coal 

2 

35 

34 

67 

32-22 

65-43 

46-29 

16 

79 

8 Dirt Band 

2- 

■30 

16 

■95 

13-65 

84-06 

7-84 

73- 

91 

9 Coal 

2 

02 

37 

■60 

36*48 

02-60 

48 79 

li¬ 

09 

10 Dirt Band 

2- 

25 

18' 

■00 

16-76 

82-00 

11-42 

es - 

33 

11 Mam Coal 

2 

■21 

37 

•93 

36-72 

62-07 

52-41 

7- 

■45 

12 Dirt. 

2 

23 

16^ 

•66 

14-32 

83-46 

7-22 

74- 

00 
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Complete Analyses of Hoo Camel (No. G) and Coal (No. 11). 


Determination, 

Hoo cannel. 

Coal. 


Per¬ 

Per¬ 


centage. 

centage. 

Moisture 

.. 2 10 .. 

2-21 

Volatile Matter 

.. 33-70 .. 

37-93 

Fixed Carbon ., 

39-78 .. 

52-41 

Ash. 

. 24-42 . 

7-45 

Carbon 

.. {iO-74 . 

73-OO 

Hydrogen 

. 4-23 . 

4-19 

Nitrogen 

. 1-30 . 

1-82 

Sulphur 

1-23 . 

4-83 

Oxygen (by difference) 

. 8-08 

7-75 

Calorific Value 

.. 11,000 .. 

.. (i,110 .. 

13,890 

7,710 

Calorific Value B.T.U. (ash free) 

14,700 . 

16,700 

Pyridine extract, per cent. 

S.G. (water=1000) .. 

9-5 

271 

. 1,488 . 

1,322 

Weight in Ibs./c ft . 

960 .. 

822 

The Hoo cannel separates from the shale cannel with a clean 
parting, and the two bands of material are entirely distinct. 


From the analyses it will be observed that the composition 
of the top inch of the band of Hoo cannel differs only slightly 
from that of the bottom, whilst the bottom of the shale cannel is 
of a distinctly inferior nature compared with that at the top. 
Some emphasis should be placed on this fact, as it appears to have 
been overlooked j bands of shale-like material being assumed 
to be homogeneous in character. 

The upper inch of the top shale is comparable with a good type 
of Hoo cannel, whilst the lower portion is practically useless. 

Observations on the Chemical Analyses. 

Nitrogen. The percentage of nitrogen in the sample of Hoo 
cannel, calculated on an ash free basis,is comparable with that m 
ordmary bituminous coals, and on this account the products of 
carbonisation should contain a considerable amount of ammonia. 
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In the tests described later, no facilities were available for the 
complete recovery of the ammonia. 

Sulphur. The sulphur content is rarely excessively 
and the highest encountered is 2-4 per cent.; generally about 
1*2 per cent, is found. There is a marked absence of pyrites in 
Hoo cannels. 

Volatile Matter. It will be observed that the v^olatilc matter, 
calculated on an ash and moisture-free basis, is considerably 
higher than that found in bituminous coals, and from the point 
of view of the products of carbonisation the yield is considerably 
greater than that obtained from bituminous coals. 

Coke. Every sample examined up to the present has yielded 
a non-cakmg coke , as a rule the coke retains the exact size and 
shape of the origmal piece of Hoo cannel, but is pierc’ed by 
fissures. When the coke is burned the ash retains the form of the 
original piece of material. 

Extraction with Pyridine. 

It was found on extraction of Hoo cannel with pure pyridine, 
that an extract of only 12-7 per cent, (ash-free basis) was ob¬ 
tained, whilst the coal with which the Hoo cannel was associated, 
under parallel conditions yielded an extract of 29-4 per cent. 
It is therefore obvnous that the organic substance of Hoo cannel 
differs in nature from that of ordmary coals. 

Washing Tests, 

Attempts were made to determine whether Hoo cannel could 
be improved by washing, and samples were pulverised to varying 
degrees of fineness and treated with calcium chloride solution of 
1 • 36 specific gravity. No separation of the material into lighter 
and heavier portions was observed, and the conclusion must be 
drawn that the ash is an inherent constituent of the cannel 
substsmee, and no improvement can be effected by washing the 
material. 

The Relative Ease with which Hoo cannel can be Pulverised, 

A sample of Hoo cannel and of bituminous coal (Arley Mine) 
were broken up so as to pass through a Jin. sieve, and be caught 
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by a 1/10 sieve. One hundred grams of the sieved material were 
then placed in a small ball mill, and pulverised under exactly 
similar conditions of speed of rotation of the mill, &c. The 
samples were removed at intervals, and tested for the percentage 
which would pass through a sieve of 1/200 mesh. 

The results are given in the following table :—* 


Time of Percentage 

grinding, through a 
Hours, 1/200 mesh 

sieve. 

Arley Coal.17 .. 13*8 

22 .. 40-0 

30 .. 70*0 

34 .. 93-0 

Hoo cannel .... 2 43-3 

4 .. 61-0 

G-5 .. 80-0 


The results indicate that Hoo cannel may be pulverised to 
pass through a 1/200 mesh sieve considerably more rapidly than 
a bituminous coal of the nature of the Arley Mine. On this 
account, it would appear that Hoo cannel would be an econo¬ 
mical material for use m a pulverised form. 


Analysis of Hoo cannel from Burnley 
Percentage. No. 1 

District.^ 

No. 2 

No. 3 

No. 4 

Moisture 

.. 1-2 

M 

1-1 

M 

Ash. 

.. 42-(i 

47-6 

44'(> 

47-4 

Volatile Matter 

.. 20-8 

19-7 

20-fi 

19-5 

Volatile Orgamc Matter 

.. 19-() 

18-6 

19-4 

18-4 

C'oke. 

.. 79-2 

80-2 

79-3 

80-4 

Fixed Carbon ., 

.. 3rv3 

32-6 

34-f) 

33-0 


’•'Burrows, Moore & Sinnatt (unpublished work). 
fBayley, Grounds & Sinnatt (unpublished work). 
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Analysts of Hoo cannelfrom Bickershaw Disinct.'^ 


Moisture 



Percentage. 

0-7 

Ash 

,. 

.. 

32-4 

Volatile Matter 

,, 


29-0 

Volatile Organic Matter 

.. 

28-3 

Coke .. 

.. 

.. 

71-0 

Fixed Carbon 

•• 

.. 

38-5 

Analysis of Hoo cannelfrom Garswood Districij Wigan/^ 

Percentage. 

No. 1 

No. 2 

No. 3 

Moisture . 

1-8 

2-0 

3-0 

Ash. 

10-1 

40-0 

44 2 

Volatile Matter 

49-9 

30-7 

24-9 

Volatile Organic Matter 

48-1 

28-7 

21-9 

Coke 

50-1 

fi9-3 

75-1 

Fixed Carbon 

40-0 

2!)-3 

30-9 


No. 4 
2-8 
41-3 
37-0 
34-2 
<> 8-0 
21^7 


The Carbonisation of Hoo cannel. 

In view of the fact that the investigation of a sample of cannel 
similar in nature to that at present under examination is described 
by T. F. Wmmillj B.A., B.Sc. (Gas World, September, Ft)17), and 
a specimen of low grade shale by S. R. Illingworth, B.Sc , F.I.C. 
(J.S.C.1,1919, 366T.), under conditions which were typical 

of low temperature carbonisation, it appeared desirable to 
examine the material from the point of view of ordinary coal 
carbonisation in the gas works. 

An average sample of about 4 tons of the material (page 4) 
was obtained, and tests were carried out upon two separate tons 
of material at temperatures of 750® C. and 920® C. The lower 
temperature was selected as being typical of the minimum 
permissible for coal carbonisation in a coal gas works, and the 
higher as being roughly the temperature used in ordinary prac- 

* Bayley, Grounds & Smnatt (unpublished work). 
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tice. The experiments were carried out m a complete experi¬ 
mental coal gas installation, which included a battery of four 
horizontal retorts each of 1 cwt. capacity, and the necessary 
subsidiary plant. 


An average sample of the four tons of Hoo cannel was found to 
have the following composition :— 



Percentage. 

Moisture 

.. 1-99 

Ash .. 

.. 2(5-79 

Volatile Matter 

. 33-12 

Fixed -Carbon 

.. 38-10 

On ash-free dry basis — 


Carbon 

82-98 

Hydrogen 

.. 5-78 

Nitrogen 

. 1-73 

Sulphur 

1-70 

Oxygen 

.. 7-81 

The following are the results of the two tests :— 


A. .. B. 

920° C. .. 750° C. 

Total Gas made per ton 

.. 9,870 c. ft. .. 7,920 c. ft. 

Corrected to N T.P. 

Corrected to 16 c.p. gas 

9,820 c. ft. .. 7,770 c. ft. 
9,210 c. ft. . 7,920 c. ft. 

Candle power (c.p) .. 

16-0 . 16-3 

Calorific value of gas (B.T.U.) 

621 .. 562 

HjjS in crude gas gr. /lOO c. ft. 

370 . 480 

Cohe^ per ton 

fl,6401bs. . l,6201bs. 

•• 1 68-'9% .. 72-4% 

7'ar^ per ton ‘ 

1 8-0 gals. .. 11-5 gals. 
I4-I%bywt ..6-8%bywt. 


Examinaiion of the Products obtained from the Carbonisation^ 

Coke. The coke produced at both temperatures was similar 
in appearance, being almost black in colour; it was compact in 
form but light in weight, and when fractured split into layers 
resembling slate. It was difficult to pulverise, and possessed 
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none of the spongy texture usually associated with ordinar}^ gas 
coke. It was found to burn readily in a producer^ and in an 
ordinary fire grate. 

The following are the analyses of the samples of coke obtained 
from the carbonisation tests — 


Percentage 

A. 

B. 


920“ C. 

750“ C. 

Moisture . 

3-02 

3-11 

Ash. 

39-60 

34-68 

Volatile Matter 

6-60 

6-8(i 

Fixed Carbon 

61-98 

5(i-45 

Nitrogen in coke calculated on air- 
dried sample 

0-785 

0-997 

Nitrogen left in coke of original 
nitrogen in cannel 

49-9 

(i2-l 


The Tar, 


The samples of tar were found to separate readily from water, 
and after bemg well dried were fractionally distilled with the 
following results:— 

Tar A obtained at 920° C. Density (D) =1*149 at 20° C. 
Fraction Temperature Per cent, by 


No. 

(“C.) 

wt. yield. 

Description. 

1 

up to 170 

e-8 

1st drop at 05° C. Pale 
yellow oil. D = 0 • 885 
and one-fifth of its 
volume aqueous. 

2 

170-230 

16-6 

Reddish-yellow oil. D 
= 1*009 and com¬ 
pletely solid at 0° C. 

3 

230-270 

8-96 

Greenish-yellow oil. D 
= 1*039 and solidifies 
at about 5° C. 

4 

270-330 

22-9 

Mixture of red oil and 
yellow crystals. Mix¬ 
ture D = 1*118. 


Residue. 

46-0 

12 

Shiny, black, brittle 
pitch. 




Tar B. obtained at 750° C. Density (D) = 1 • 136 at 20° C, 
Fraction Temperature Per cent, by 


No. 

(»C.) 

wt. yield 

Descnption. 

1 

up to 170 

4-9 

1 st drop at 62° C. Pale 
yellow oil, D =0*889 
and one-fifth of its 
volume aqueous. 

2 

170-230 

17-3 1 


3 

230-270 

7-9 

Appearance similar to 

4 

270-330 

Residue. 

28-2 
41-4 j 

fractions in A. 


These fractions were examined separately, and proved to be 
broadly similar to those obtamed from ordmary coal tar. In 
other words, the products belonged to the benzene senes, and not 
to the ahphatic (methane, &c) series. 

This point must be emphasized, as there appears to be a 
general opinion that the distillation of Hoo cannel would lead to 
the production of tar which would contain a considerable per¬ 
centage of the paraffin or methane series of hydrocarbons. These 
products are, of course, constituents of ordmary petroleum, and 
would be valuable as motor fuel. From the results of tlie present 
investigation it is proved that such statements are not correct for 
carbonisations carried out between 700° and 900° C, but that 
Hoo cannel yields products resemblmg those obtamed from coal. 

The fractions obtained from the distillation of the tar pro¬ 
duced at 920° C. gave the following results •— 

Fraction 1 was separated from the lower aqueous layer, 
washed with water, and then extracted with three washings, 
each of moderately strong H 2 SO 4 and NaOH respectively. The 
washings yielded a very small quantity of phenolic and ammo 
compounds. The residual oil was washed with water, dned over 
calcium chloride and re-distilled, giving a naphtha contaming 
about 10 per cent, of its weight of benzene and boiling m equal 
increments from ()0°-l()0° C. This mixture, on nitration, gave 
nitro-compounds completely soluble m cold concentrated 
sulphuric acid, indicating that it consisted solely of aromatic 
hydrocarbons, and contained no members of the fatty senes of 
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hydrocarbons. Yield = 13 gallons per ton of tar or J gallon per 
ton of cannel. 

Fraction 2 washed in a similar manner gave :— 

(a) 0*261bs. of liquid ammo-compounds per ton of cannel^ 
i.e. 6’251bs. per ton of tar. 

(b) 5'51bs. of phenolic bodies per ton of cannelj i.e, 

137*61bs. per ton of tar. Consisted of a mixture of 
phenol and cresols boiling at 185°-200® C. The 
residue was a semi-solid oil which yielded *— 

31bs. per ton of cannel or about 751bs per ton of tar, of 
crude^ dry naphthalene, m p. 78® C. 

The residual oil, after filtering ofi the naphtlialene, was again 
found to consist of aromatic compounds of a peculiarly pleasafnt 
odour. 

Fraction 3 was treated in a similar manner and gave :— 

(a) Jib of liquid amino-compounds per ton of cannel, i.e. 
6 Jlbs. per ton of tar. 

(b) 11b. of phenolic bodies per ton of cannel or 251bs. per 
ton of tar, b p. 233°-240° C. Solidified on cooling. The 
residual oil again gave a further quantity of crude 
naphthalene and high-boiling aromatic hydrocarbons, 
the yield of the former being:— 

2 Jibs, per ton of cannel, or 

62'51bs. per ton of tar 

The mixture of hydrocarbons again had a peculiar and not 
unpleasant odour. 

Fraction 4, the largest, on standing separated into solid and 
liquid portions. The solid was filtered off, pressed between filter 
papers and yielded :— 

3Jibs, per ton of cannel, or 

87Jlbs. per ton of tar of crude anthracene. A much 
larger quantity of this was obtamed from the filtered 
oil after washing as above, and then allowing to 
stand overnight. 
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Total yield of crude anthracene — 

16lbs. per ton of cannel, or 
3751bs. per ton of tar. 

The residual oil was a complicated mixture of aromatic hydro¬ 
carbons in which anthracene, phenanthrene, and other solids 
could still be detected. 

The products from this tar compared favourably with those 
from average coal tar, except that the proportions are different. 
For example, there is a smaller yield of naphthalene, and a much 
larger one of anthracene from the tar of Hoo cannel. This 
difference is shown to a much greater extent by the fractions 
from the distillation of the second tar (750° C), the yield of anthra¬ 
cene here being exceptionally high. 



We desire to place on record our thanks to T. Duxbury, Esq., 
Engineer and Manager of the Oldham Corporation Gas Works, 
for placmg at our disposal an experimental gas plant. 

We are indebted to Miss P. Wray for help during the prepara¬ 
tion of the bulletin. 
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PREFACE 


The work carried out in this Bulletin has been sub¬ 
mitted to the Lancashire and Cheshire Coal Research 
Associationj and appeared of sufficient interest to warrant 
a wider circulation; it is, therefore, published for tlie 
information of any who may be interested. 

R. A. BURROWS, 

President of the Lancashire and Cheshire 
Coal Research Association. 


Atherton Collieries^ 
Atherton. 



THE DETERMINATION OF THE 
CARBON DIOXIDE IN COAL 


Literature. 

A close examination of the literature shows that few results 
have been published of determinations of the amount of carbon 
dioxide evolved when coal is treated with acids. One reason for 
this probably lies m the fact that the ordinary methods for the 
estimation of carbon dioxide m carbonates are not easy to apply 
to coal. The amount of carbonates varies within wide limits in 
different seams, but as a rule is comparatively small. 

The information is important for two main reasons ; (1) It is 
not possible to ascertain the percentage of carbon m coal unless 
that occurring as carbonates, etc., is known. The value 
obtained in the ordinary method of determming carbon by 
combustion includes the carbon occurring both in the organic 
sulDstance and in the carbonates, etc. If the exact percentage 
of orgamc carbon in the coal is required, that occurring in the 
carbonates must be determmed, and deducted from the total 
t*arbon found by combustion. Certain coals contam up to 5 per 
cent, of substituted calcium carbonates, which is equivalent to 
approximately 0-6 per cent, of carbon. It follows that the 
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percentage of organic carbon in the coal is 0*5 per cent, lower 
than that found by the combustion. Tliis is of some import¬ 
ance when considering the calonfic value of coal, as 0 *5 per cent, 
of carbon is equivalent to 41*6 calories, or 74*8 B.T.U.^s per 
pound. In certain abnormal specimens of coal 30 per cent of 
calcium carbonate have been found. 

(2) A knowledge of the amount of carbon dioxide occurring as 
carbonates is also an auxiliary means of obtaining an idea of the 
composition of the inorgamc compounds present in coal. In a 
later paper, a number of anal 3 ^es will be given of the white 
partings (ankerites) occurrmg in Lancashire seams. These 
compounds are fairly constant m composition in a particular 
seam ; if the composition of the ankerites is found by analysis, 
including the percentage of carbon dioxide present, it is possible 
to calculate approximately the composition of the particular 
compound contained m a sample of coal by a simple determina¬ 
tion of the carbon dioxide. 

The following processes for the determination of carbon 
dioxide in carbonates are in general use :— 

Schroetter's apparatus, and various modifications may be 
expected to yield results within 1 per cent, when the percentage 
of carbon dioxide in the compound is high, and at least 1 gram is 
available. The method has been found to be useless for the 
determination of carbon dioxide in coal. 

S. H. Collins (J.S.C.I., 1906, 25, 519) describes an improved 
form of Schejbler^s apparatus, in which the carbon dioxide 
evolved from carbonates by the action of acids is collected and 
measured. The method suffers from the inaccuracies inherent 
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in any process where the measurement of small volumes of 
carbon dioxide are necessary. The equivalence of six sources of 
error is stated to be 1 per cent. 

A method for the determination of small percentages of 
carbonates in such material as soil is descnbed by Hall & Russell 
(J Chem. Soc.j 1902, 81, 83), who state that where the amount of 
calcium dioxide present is only about 0 -6 per cent, the whole of 
the carbon dioxide produced when acid is added may remain 
dissolved in the reaction products. 

The method most generally used is to decompose the car¬ 
bonates with a suitable acid, and after punfying the carbon 
dioxide produced, to aspirate it through weighed potash bulbs. 
Unless the weight of carbon dioxide produced is considerable, 
the process is quite inaccurate, even when the precaution of 
counterpoising the potash is adopted, considerable vanations 
m weight of the potash bulbs are possible from external causes. 

A number of methods m which standard banum hydrate 
solution IS used for the absorption of carbon dioxide have been 
described The general procedure advocated is to place the 
standard solution in some type of wash bottle, but the process 
has not been generally adopted, largely for the following reasons ; 

Barium hydrate is only comparatively slightly soluble in 
water, wliich necessitates the use of a large volume of solution, 
and consequently a cumbersome wash bottle \ the rate of absorp¬ 
tion of carbon dioxide by banum hydrate solution is compara¬ 
tively low, and consequently a slow stream of gas is essential in 
order to efEect complete absorption. It is difficult, without 
introducing considerable elaboration to prevent the banum 
hydrate solution coming into contact with the air, or the breath 
of the experimenter dunng the manipulation of the process. 


5 






One of us* described an apparatus by means of wliich the 
rate of flow of a gas into an evacuated vessel could be controlled, 
and laterf showed that the apparatus could be adopted for the 
accurate determination of carbon dioxide in carbonates. From 
the latter paper the following estimations may be quoted, as 
indicating the degree of accuracy attained by the method :— 


Weight of 
calcite. 
Grams. 

Carbon dioxide 
found. 
Grams. 

Carbon dioxide 
calculated. 
Grams. 

0-1310 

0'057(i 

0-0575 

0-1710 

0-0764 

0-0751 

0 082(t 

0-0364 

0 0363 

0-3490 

0-1526 

0-1534 

0-0785 

0-0341 

0-0345 


Apparatus, 

The apparatus required is shown in the diagram. (A) Is 
an efficient wash bottle containmg caustic potash solution, 
which should be renewed frequently. If a rapid flow of air is 
required it should be supplemented by a second wash bottle. A 
test should be made to determme the efficiency of the wash 
bottle ; it is essential that the air passing through it should be 
free from carbon dioxide. (B) Is a decomposition flask a.s 
desenbed by Lunge & Maichlewski, a Schroetters apparatus or 
any simple reaction flask. (C) Is a tube containing calcium 
chlonde 

This tram of apparatus is all that is required when phos¬ 
phoric acid is taken to decompose the carbonates in the coal. 
Phosphoric acid, as suggested by G. S, Morgan (Proc. Chera. Soc. 

* Analyst, 1912 , 37 , 12 . t Analyst, April, 1913 . 
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1904j 20y 167) yields results identical with those obtained with 
hydrochloric acid. When it is thought necessary to use 
hydrochloric acid, an additional absorption tube (F) must be 
mtroduced, containing alternate layers of glass wool and silver 
sulphate, in order to eliminate hydrochloric acid. (D) Is a 
special apparatus* the general form of which can be gathered 
from the diagram. It should not be less than 76 cms. (30 
inches) in length, and have a diameter of J to 1 inch, but it 
should be as small as possible compatible with even working. 
The inner capillary tube should have an internal diameter of 
about -ir of ^ i^oh, and be so arranged as to touch the walls and 
reach to the bottom of the larger tube. The taps of the appa¬ 
ratus should be well ground. In the reservoir (S) there should 
be sufficient mercury to fill the large tube. (E) Is an ordinary 
pressure flask, the capacity of whicli may be from one to three 
and a half litres (usually two and a half litres). The volume of 
air available for aspirating through the apparatus depends upon 
the capacity of this flask. Special flasks have been obtamed 
with a ground stopper to which a funnel was sealed, but the 
arrangement shown which consists of a broad tube, having the 
inlet closed with a rubber stopper (V) has been found a most 
satisfactory method for the introduction of the barium hydrate 
solution mto the flask. 

Method of carrying out a determination. 

The flask (E) is filled with fresh air and evacuated by means 
of an ordinary water pump. The carbon dioxide in tlie flask is 
reduced to such an amount as to be negligible. If the percent¬ 
age of carbon dioxide in the air is known accurately, a correction 

♦Analyst, igi 2 , 37 , 12 : Gas World, 22 Feb., 1013 . 
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may be applied for the carbon dioxide remaining in the flask. 
The evacuated flask is now attached to the special apparatus 
(D) in the manner shown m the drawing, the taps M, H and K 
being closed. The tap (T) is opened, and the tube of the outlet 
of the apparatus (D) is placed under the surface of the mercury 
in the reservoir (S). The tap (K) is then opened, and mercury 
is drawn into the tube (D) until the column is equivalent to the 
pressure in the evacuated flask; a record of the height of the 
column IS made, and the tap (K) closed. 

The sample of coal is pulverised to pass through a 1/90 mesh 
sieve, and from 0 • 6 to 5 grams are introduced mto the decom¬ 
position flask (B). This is performed most conveniently by 
weighing the coal on a piece of smooth copper foil and brushing 
It into the flask, with a earners hair brush. The coal is covered 
with about twice its volume (6 to 15 c c.m.) of distilled water, 
and is then gently heated, the contents being open to the air, 
until the water commences to boil, and mamtained at a gentle 
simmer for about 20 minutes. By this means the occluded gases 
present in the coal are expelled (see page 13). The flask (B) is 
then assembled, connected to the train of apparatus, and hydro¬ 
chloric acid (5 per cent.) or phosphoric acid (s 3 Tupy diluted 4 
times) is placed in the cup (L). The acid is allowed to flow into 
the coal, the tap (K) is now opened, and (M) opened cautiously 
until air is drawn through the tram of apparatus ; the decom¬ 
position vessel is gently but efficiently agitated. The rate at 
which the air passes through the apparatus is carefully con¬ 
trolled, and should be kept constant. There is no necessity to 
alter the tap (M) once the rate at which the air flows through the 
vessel has been decided upon. After about 10 minutes the con¬ 
tents of the decomposition flask are gently heated, the tem- 
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perature being maintained at about 50° C. for lialf an hour. 
The liquid is then raised to the boil, and kept at this temperature 
for an additional 10 minutes. Throughout the whole of this 
period air is allowed to sweep through the apparatus at the rate 
of about 2 litres per hour, and any carbon dioxide evolved from 
the coal is collected m the flask (E). The determination is now 
complete, and the flow of air is allowed to continue until the 
train has been completely swept through, or until the pressure in 
the flask has reached about 70 cms. The tap (T) is then 
closed, and the flask (E) disconnected. By attaching a freshly 
evacuated flask, the apparatus is ready for the next estimation. 

Deierminatton of the carbon dioxide. 

The method of determination of the carbon dioxide in tlie 
flask by means of standard barium hydrate solution, is that 
described by Pettenkofer, the details of wliich are described in 
Lunge’s Gas Analysis, but tlie following is the exact procedure 
adopted:— 

'Prerparation and storage of the solution of barium hydrate. 

The barium hydrate solution is prepared by adding 200 
grams of barium hydrate, and 10 grams of barium chloride to 
one litre of distilled water After being allowed to .settle, 
60 c,c.m. of the clear supernatant liquid are transferred to an 
apparatus similar to the one shown on page 7 (P) and diluted to 
one htre with distilled water. This solution must be preserved 
from contact with the air, and the apparatus shown is convenient 
for this purpose. The containing bottle is fitted with an outlet 
syphon tube, having a narrow capillary (Q); this tube is fitted 
with a short length (2 inches) of india-rubber tubing (R). The 
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use of a small capillary obviates the necessity of having to 
neglect the large volume of liquid which tubes of greater bore 
contain before the liquid actually contained in the vessel reaches 
the pipette. It also possesses the advantage that a pinch cock 
or bead valve is not required on the mdia-rubber tubing to 
prevent the liquid fiowmg out of the vessel; owing to the narrow 
capillar}' there is no tendency for either the liquid to be drawn 
back into the containing bottle or 53 q)hon, or out of it. The 
second hole in the stopper is fitted with a small tap funnel, 
which contains first a layer of glass wool, and then about 2 inches 
in depth of fresh soda lime. This is covered with a plug of glass 
wool, and finally the vessel is closed with a rubber stopper con^ 
taining a single orifice. The banum hydrate solution has been 
found to keep very well under the above conditions, and no 
rapid change of titre will be expenenced j at the same time it is 
desirable to carry out a blanlc determination upon the 
barium hydrate solution. 

Method of titration. 

The tip of the pipette is mserted mto the rubber tubing (R) 
and the required volume of barium hydrate solution drawn off 
in the ordinary manner. In most of the experiments 50 c.c.m. 
were taken for the determination, and when the pipette wai. 
filled, the end of it was mserted duectly into the rubber stopper 
(V) of the flask (E). The tap (W) of the flask was then opened 
gradually, when, owing to its contents being under reduced 
pressure, the hquid m the pipette is rapidly drawn into the flask. 
It will be seen that it is possible to repeat these conditions for 
each succeeding experiment, and as no gas is displaced durmg 
the introduction of the barium hydrate solution, one of the 
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recognised sources of error associated with Pettenkofer's method 
IS eliminated. The pipette is removed from the rubber stopper 
and any traces of barium hydrate remaining behind in the tube 
are washed into the flask with distilled water. The contents of 
the flask may then be brought to atmospheric pressure by con¬ 
necting the outlet to a wash bottle containing caustic potash. 
The flask is allowed to stand for half an hour with occasional 
agitation ; one c.c.m. of phenolphtlialein solution (one part in 
250 c.c.m. of alcohol) is added, and the hquid rapidly titrated 
with hydrochlonc acid (strength N/20 or N/40) until it becomes 
colourless. The first discharge of the pink colour is taken as 
the end-point of the titration. Frequently the pink colour 
returns, but this should be ignored. Where a large amount of 
carbon dioxide is present, and a distinct precipitate of iDarium 
hydrate is formed, it is desirable to shake the flask vigorously 
during the titration, in order to remove any barium hydrate 
which may be entangled (absorbed) in the precipitate. 

The difference between the volume of hydrochloric acid 
required for the actual titration and that of the blank deter¬ 
mination IS the volume of acid equivalent to the carbon dioxide 
present m the flask, and consequently in the weight of cool 
taken for the determination •— 

2 H.a = CO 2 

1 c,c.m. of N/40 H.Cl. «= *00055 gramC02 

The followmg shows the amount of carbon dioxide found in 
certain Lancashire coals, from which the white partings (an- 
kerites) had not been separated :— 
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Hydro- 





Barium 

chloric 

Carbon 

Percent- 


Weight 

hydrate 

acid 

dioxide 

of carbon 

Seam 

of 

solution. 

solution 

found 

dioxide ill 


Coal. 


ii/40 


the Coal. 



c.c m. 

c c.m. 

grams. 


1. Mountain Mine 

6-0 

50-0 

9-2 

0-0262 

0 60 

2. Arley 

3 0 

50-0 

40 2 

0-0064 

0 18 

3. Ravine 

3 0 

60-0 

33 8 

0-0107 

0 36 

4. Abnormal 






sample, I. .. 

1 0 

160-0 

38-7 

0-0686 

6 85 

6. Abnormal 






sample, II. .. 

0-5 

176-0 

27-0 

0-0916 

18-32 

6. Pemberton, 2ft. 

0-6 

60-0 

42 8 

0 0036 

0-72 

7. Gars wood, Oft. 

0-6 

60-0 

46-8 

0-0022 

0-44 

8. Hoo Cannel 

0-6 

60-0 

32-4 

0-0092 

1-84 


N/40 H.Cl (determinations 1 to 6) 1 c.c.m. =0-00064 gram 
carbon dioxide. 

N/40 H.Cl (determinations 7 and 8) 1 c.c.m. =0-000524 gram 
carbon dioxide. 


Influence of prolonged treatment with water 

If the period of heating the coal with water in order to 
elimmate the occluded gases is continued beyond 30 minutes, 
only a slight increase in the amount of carbon dioxide evolved 
could be detected, thus indicating that the period suggested 
(30 minutes) is adequate. 

* Bayley & Sinnatt 


13 




Five grams of coal boiled with 20 o.c.m. of water for 30 
minutes;— 

Carbon dioxide found =0 09 per cent. 

Allowed to simmer for (I hours :— 

Total carbon dioxide found =0* 10 per cent, of weight 
of coal. 

Amount evolved during last 5J hours =0*01 per cent, of 
weight of coal. 

The influence of using different acids* 

The foDowing determmations were carried out under identical 
conditions upon specimens from the same sample of coal, using 
hydrochloric acid and phosphoric acid. The results indicate that 
the two acids yield practically identical results by the method 
previously described. 

Five grams of coal taken in each experiment;— 

Percentage of carbon 
dioxide. 



Hydrochloric 

acid. 

Phosphoric 

acid, 

Coal No. 1 

.. 0-38 

0-38 

„ No. 2 .. . 

0-27 

0*2() 

„ No. 3 

..1-13 

1-13 

Fusain .. 

.. 0-61 

. 0-66 

Bayley & Smnatt. 




14 


i 



The above amounts were found when the coal was digested 
with the acid for three quarters of an hour. In the case of 
No. 1 coal the digestion was continued for further periods^ with 
the following results :— 


Carbon dioxide 
evolved. 


Period of digestion. 

Hydrochloric 

acid. 

Phosphoric 

acid. 

First J hour 

.. 0*38 

0-38 

Further 1J hours 

.. 0-06 

0*06 

5 ; 

.. 0*04 

0-04 


We wish to place on record our thanks to Miss P. Wray for 
help during tlie preparation of this bulletin. 
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PREFACE 


The demand for copies of the papers contained in 
this bulletin has exhausted the original supply of 
reprints. 

The Lancashire and Cheshire Coal Research Associa¬ 
tion has, therefore, considered it desirable to republish 
the information in order to place it at the service of 
any who may be interested. 

R, A. BURROWS. 

President of the Lancashire and 
Cheshire Coal Research Association, 

Atherton Colhertes, 

Atherton* 



\_RepriTite(l from the Journal of the Society of Chemical 
Industry^ 

Jan. 15. 1921. Vol. XL, No, I. pp. 1 t-4t] 

THE INORGANIC CONSTITUENTS OF COAL 
WITH SPECIAL REFERENCE TO 
LANCASHIRE SEAMS. 

This paper describes a stage in the study of the inorganic 
constituents of certain typical seams in the I^ancashire 
coalfield, and records a part of an investigation of the various 
coals from a number of viewpoints The work has been 
carried out under the auspices of the I/ancashire and 
Cheshire Coal Research Association. 

It is well known that the coals in the Ivancashire coalfield 
contain, as a rule, a low percentage of inherent ash. Of 
twent}’’ distinct seams examined recently, none contained 
more than 6 per cent, of ash, whilst a great number con¬ 
tained less than 3 per cent. Bickershaw Yard coal con¬ 
tained as little as 0'8 per cent. The coals vary in properties 
from those which are practically non-caking to one (Mountain 
Mine) which possesses probably the highest caking power 
of any known coal, and yields a perfect metallurgical coke. 

In distinguishing the coals the names in most common 
use have been adopted, but it must be recognised that other 
terms may be applied to the same seams in different localities. 

For the purposes of this paper only the natural inorganic 
constituents of the seams have been considered Every 
care was taken in obtaining the samples on which the work 
was carried out. A solid pillar was cut from the whole 
seam, the cross-section of which was from 6 to i 8 in., 
according to the ease with which the coal could be handled 
The piece of coal was packed in a box and carried to the 
laboratory for examination. 

The present investigation included the following objects ; 

To determine if any relationship could be established 
between the composition of the wHte partings (ankerites) 
and the ash produced when the coal is incinerated. 
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To attempt to trace the souice of the carbon dioxide 
evolved when coal is treated with mineral acids 

To.'investigate the form of combination in which iron 
exists in the coal substance. 

The last subject is .of interest in view of tlie fact that 
according to the work of Powell and Parr (Bulletin in , 
Umversity of Illinois) the greater proportion of the iron 
present in certain American coals occurs in the fonii of 
pyrites, and with this fact is associated the assumjition 
thirt the iron does not enter into the prelimiuar>^ stages of 
the oxidation of coal •' 

It would appear from the experiments descnbed in the 
present paper that a proportion of the iron in Ivancashire 
coals exists in the ferrous state, either m the white partings 
(or ankerites) or some other form of combination. 

Most coal seams contain a proportion of white inorganic 
partings, of which no study has appeared in the literature 
It will be seen later that the material may be consideied 
either as substituted calcium carbonate, or as doloinitised 
siderite The term ankerite, which is the one generally 
accepted in mineralogy for compounds having a similar 
coiistitution, has been adopted to distinguish the substance 
of the white partings 

The ankerites occur in the form of sheets vaiying in 
thickness from -Jin to a mere fihn, at right angles to the 
bedding plane and on the face of the coal, but al.so fre(iuently 
on the end of the coal. The layer of material may be so 
thin as to be transparent, and its presence can only be 
detected by the fact that after being allowed to stand in 
the air the coal becomes covered with an opalescent film, 
consisting of oxidised ankerite. Wlien ankerite occuns 
adjacent to a band of vitrain, it is frequently jierfectly 
white in colour, whilst portions in contact with clarain or 
durain are comparatively dark, and impregnated with fine 
coal. It has been observed tliat a band of ankerite fre* 
quently terminates at a point where a layer of fusain 
occurs. The latter material is highly porous in nature, and 
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it would appear that the ankerites have been deposited 
from a liquid medium which has travelled horizontally 
along the layer of fusain. 

The ankerites form a distinct line of weakness in the 
coal, and if the latter is treated with dilute mineral acids, 
marked disinte^ation of the lumps is produced, owing to 
the decomposition of the compounds The whole of the 
specimens examined contained varying percentages of iron 
practically entirely in the ferrous condition, and it will be 
seen from the andyses that certain examples contained a 
distinct percentage of manganese. 

Average specimens of the ankerites from a number of 
seams have been analysed, and the results are given in the 
following table:— 


Tabi^e I. 

Percentage composihon of the white partings [ankerites). 



Lower 



Sap¬ 

ling 

Mine. 

Hoo 


Moun¬ 

tain 

Mme 

Arley 

Ravine 

Mine. 

Can- 

nel. 


% 

% 




Calcium oxide 

27*40 

28*56 

29*94 

42*79 

00 
3 0 

^0 

or 

Magnesium oxide 

13-33 

11*51 

16 15 

0*41 

11*18 

Perrons oxide 

14*56 

9 81 

A do 

13*07 

14 16 

Manganese oxide. 

— 

0 82 

111 


— 

Carbon dioxide .. 

45*21 

41*52 

44-35 

41*88 

44 58 

Silica 

— 

6 05 

2*25 

1*70 


Ferric oxide 

— 

0*60 

0*25 

0*17 

-- 

Pyrites 

— 

i*ii 

—' 

— 

— 

Equivalent to :— 






C^dum carbonate 
Magne.sium car¬ 

48-93 

51*00 

53-14 

76*41 

53*70 

bonate .. 

28-30 

24*07 

33-65 

0*66 

23*48 

Ferrous carbonate 
Magnesium carbon¬ 

23-46 

15*81 

8*40 

21*68 

22*82 

ate 

— 

1-33 

i*8o 

_ 

_ 

Caldum sulphate. 

— 


0-44 

— 

— 

Sihca 

— 

6*05 

2*25 

1*70 

— 

Feme oxide 

— 

o*6o 

025 

0 17 

_ 

Pyrites 

““ 

1 11 


— 

— 


Rushy 

Park. 


28*76 

8*74 

16*23 

0*59 

42*46 

2*45 

0*63 

0*09 


51-36 

18*28 

26*18 

0*96 

2-45 

0*63 

0*09 


King 

Mine. 


% 

30*84 

5*76 

18*42 

0*31 

42*03 


2*47 


55*o8 

12*10 

29*68 

0*50 


2*47 
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Specimens of ankerite obtained from the different laj^ers 
in certain seams differ considerably in composition , the 
following analyses show the greatest variation yet en¬ 
countered :— 

Table II. 


Ankerite from seam 8ft thick. 


Silica 

Calcium carbonate 
Magnesium carbonate 
Ferrous carbonate 
Manganese carbonate 
Feme oxide 
Calcium sulphate 



Top 1*5 in. 

Bottom 7 in 


0/ 

0 

. 

0'9T 

2 25 


52-09 

53*14 


29 74 

33 05 

. • 

i6 

8-40 

. 

I-4I 

I Ho ' 

. 


0-25 

* • 

nil 

0-44 


The compounds undergo oxidation on exposure to air 
and become covered with reddish-coloured feme compounds. 
The following analyses show the change in composition 
which occurred when a specimen of ankerite was exjiosed 
to the air in contact with the coal. It should be pointed 
out that the two specimens of ankerite were of necessity 
obtained at k slight distance from one another, apd sopie 
small difference in chemical composition was detected :— 


Table III. 



Sample freshy 


mined 

• 

Colour: wlijtc. 

. ' ' 1 
Feme iroii ... ..« _ ..i 

n' 

o 33 

Sihca '.1 

o-gi 

Ferrous oxide 

9*29 

Manganese oxide .. 

0-87 

Calcium oxide 

29-17 

Magnesium oxide .. . 

14-22 

Carbon dioxide 

' 44*07 




.Sample after 
exposure to air 
for weeks. 
Colour: red 


II 
. i> 

0‘yi 

0-17 

lo 

4474 









The oxidation of the ankentes is influenced by the 
presence of carbon dioxide and water As would.be ex¬ 
pected, the compounds are freely soluble in water in the 
pr^^ence of carbon dioxide, and the solution which results 
rapidly undergoes oxidation in the presence of air, with the 
precipitation of basic ferric compounds ^ 

No accurate method of detennimng the percentage of 
ankentes in coal has been elaborated, but an approximate 
value was obtained for one sample of coal by crushing about 
1,000 g until it would pass through a sieve of 4 's mesh, 
and separating all the ankerite that was visible by picking 
it out with forceps The coal contained 4-2 per cent, of 
total ash and 3 per cent of ankente The eqmvalent 
weight of igiuted ankerite was 17 per cent —t e , 40*5 per 
cent, of the ash was derived from the ankente present 

Samples of the coals from which the ankentes descnbed 
above were obtained were incinerated at a temperature of 
900 ° C, and the resulting ashes were analysed with the 
following results.— 

Table IV. 



Composition of coal ashes 





Lower 



Sap- 

Hoo 




Moun- 

Arley 

Ravine 

Img 

Can- 

Rushy 

King 


tarn 

Mme. 


Mme. 

Mme 

nel 

1 

Park 

Mine. 


0 ' 

0 ' 

0 

0 / 

0 

0 ' 

O'' 

Silica 

It 

0 

0 

fO 

^ u 

32*98 

1 0 

4 0 

40 20 

43*21 

35 00 

3892 

25-49 

29 45 

Feme oxide 

25*66 

Ii‘38 

9 9 g 

48 40 

23 34 

38 80 

i6 32 

Alumina .. .. 

25 ’ 4 I 

28*47 

31*58 

3*68 

26 86 

‘ 20 61 

t ??53 

Calcium oxide 

3 52 

7*12 

II 63 

'5*04 

6 88 

7 08 

p 5 * 9 & 

Magnesium oxide.. 

^ 1*98 

2 36 

245 

0*50 

3 to 

‘*3*04 

3*22 

•; p*ii 

Sulphur trioxide 

2-02 

430 

7 68 

0 16 


f 98 

Alkalis and loss . 
Percentage of a^h 

1*21 

2 *in 

1*67 

330 

3 80 

3 - 55 :J 

^ 6-65 

r 

L 

111 the’coal 

3-03 

1 

^*i6 

5*20 

4*00 

24,4' 2,4 . 

t 


A comparison of the above repults shows that the pr 6 - 
portion of the vanous constituents'occurring jin tne asli is 
not by any means parallel with that found in the ankerites 
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The percentage of carbon dioxide evolved when the coaJj^ 
were treated with mineral acids was determined by a method 
described in Bulletin No 7 of the Lancashire and Cheshir<^ 
Coal Research Association, from which the following resultt^ 
are extracted •—Mountain Mine, 0-57 per cent. CO 2 , ArlejS 
0 ‘i 8 per cent ; Ravine, 0*32 per cent.; abnormal sample I.. 
6-83 per cent , Pemberton 2 ft., 0*72 per cent , Garswood 
9 ft., 0*44 per cent ; Hoo cannel, 1-84 per cent ; Rushy 
Park, 076 per cent.; Lower King, 077 per cent. ; Bicker- 
shaw Yard, 0*40 per cent 

It was thought that it might be possible to calculate 
approximately the proportion of the ankerite in a particulal’ 
seam by the above determination, but it was found that 
the percentage of carbon dioxide evolved was in excess of 
that required to combine with the whole of the bases 
occurring in the coal as ankerites. 

The following example shows the result obtained if the 
carbon dioxide evolved is assumed to be derived solely 
from ankerites :— 

Tabi,e V. 

I L3wer Mountain Mme. 

Ash = 3*03% Carbon dioxide = 0 57% 


Constituents 


Silica. 

Ferrbus oxide 
Ferric oxide .. 
Alumina 

Manganese oxide 
(MnO) 

Calcium oxide 
Magnesium, oxide 
Carbon dioxide 
Sulphur trloxide 
Pyrites 

Alkalis and loss 


Coal ash 

Gross con¬ 


Ignited 

aj^ente 

origmal 

stituents 

Ankerite 

equivalent 

an SIS 
(100 g) 

of coal ash 
in 100 g, 
of coal 

analysis 

to CO in 
100 g. of 
coal, g. 

40-20 

i*2t8 

_ 


ml 

— 

14-56 

— 

25*66 

0 779 

— 

0*314 

25-41 

0*770 

— 

\ _ 

— 

—- 


• 

3*52 

o*io6 

27-40 

0*533 

T-gS 

0*059 

13-33 

0*263 

— 

— 

45*20 

— 

2*02 

o-o6i 

— 

— 

—> 



I 21 

0*036 


1 - 
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From the above consideration it will be clear "that the 
amount of carbon dioxide evolved when coal is treated with 
* mineral acids is more than sufficient to combine with the 

bases found in the inorganic constituents of the coal, and 
must be derived from other sources than anlcerites. 

The source of the carbon dioxide has not been traced 
accurately, but it will be shown later that a portion of the 
iron in coal probably occurs as ferrous carbonate, as distinct 
from that occurring in the ankerites The percentage of 
carbon dioxide is, however, of some interest from an 
analytical point of view Unless the amount of carbon 
occurring as carbon dioxide is deducted from that found by 
¥ combustion *of the coal, the percentage of organic carbon 

will be too high. The percentage of carbon dioxide should 
be deducted from the percentage of volatile organic matter, 
as presumably the whole of the carbon dioxide is evolved 
at a temperature of about 900 ° C In the case of the ab¬ 
normal sample, the volatile orgamc matter determined was 
too high by 6*8 per cent 

Mr. N. Simpldn, in collaboration with one of us, is 
continuing certain phases of the work, and has treated the 
coals with dilute hydrochloric acid, and determined the 
amount of iron which passes into solution , the total amount 
of iron present was also found. 

9 It appeared desirable to ascertain what proportion of this 

iron occurred m the ferrous state, and specimens of the 
fresh coal were treated with hydrochloric add (10 per cent) 
in an atmosphere of carbon dioxide. The excess of coal 
was removed by filtration in an atmosphere of carbon 
dioxide, and the amount of iron in the filtrate determined. 
It was found that the liquid contained a negligible quantity 
of iron in the ferric condition The iron in the ferrous 
condition was determined by oxidation and subsequent 
titration with a standardised solution of titanous chloride 
As this examination had to be performed on fresh samples 
of coal, the results are not exactly parallel with those 
previously quoted. The preliminary results are, however, 
strictly comparative, and are given in the following table 
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Table VI. 




Tion 

(ferrous) 

Cool 

Total non. 

extracted 

O' 

J 0 

with hydro¬ 
chloric acid 



1_ 

a/ 

0 

Rushy Pork 

0 494 

o 176 

l,ower Mountain Mine . 

I 779 

0-535 

A rlev 

O 6I2 

d -047 

Ra\Tne -. 

1*379 

0 205 


Iron 
f ferrous} 
extracted 
with hydro¬ 
chloric acid 
Percentage of 
total iron 

35*6 
29 7 

77 

11-9 


The results quoted in this paper are of interest as indi¬ 
cating that a distinct percentage of the iron in coal, which 
differs widely in different seams, is present in the ferrous 
condition in the ankerites, and m some other fonn of 
combination , it does not necessarily follow that the iron 
extracted by means of hydrochloric acid is present in the 
coal in the ferrous condition, since it may have been pro¬ 
duced by the action of coal upon feme compounds. In 
certain cases distmet oxidation of the ankentes can be 
detected within a month of the seam being obtained from 
thie mine. 

From a chemical standpoint it will be of interest to 
obtain information as to the relative rates of oxidation of 
ankerites of different compositions, and the effect of this 
oxidation upon the oxidation of the coal substance and of 
pyntes. It is not obvious which type will most readily 
oxidise, but upon the behaviour of these compounds will 
depend the degree to which coals will weather, and as a 
corollary their properties during storage. 

Oxidation obviously produces a change in volume or 
thickness of the sheets of ankerite, and consequently is a 
factor contributing towards the disintegration of masses of 
coal. When coal has been allowed to stand for extended 
periods, oxidation of sheets of ankerites has been observed 
at a considerable depth into the coal Up to the present 
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no direct evidence has been obtained as to whether the 
primary heating of coal can be connected with the presence 
of ankerites, and the effect of manganese, etc , upon the 
general action of the ankerites At the same tune, in view 
of the clearly recognised action of ferrous and manganese 
carbonates as catalysts, it appears of considerable interest 
to examine the subject in the light of the information 
descnbed in this paper It would also appear that carbon 
dioxide may be an active agent in the oxidation of the 
compounds , we have found that ankerites are freely 
soluble in water containing carbon dioxide, and that the 
resulting solution rapidly undergoes oxidation, with pre- 
apitation of the iron in the form of ferric compounds. In 
a mass of coal evolution of carbon dioxide is known to take 
place, and in the presence of any excess of moisture, the 
conditions are such as to bnng about the oxidation of the 
compounds, with carbon dioxide and water takmg part in 
the reaction 

When coal containing ankerites is burned, bands of 
residue from the ankente will r^ain separate from the 
inherent ash of the coal, unless the temperature is sufficiently 
high to fuse the whole mass. The residual material from 
the ankerite will consist of highly mfusible oxides It 
would follow that coal which has been broken to a small 
size will contain the ankerite and sihcious coal ash in more 
intimate contact than when larger sizes are used 

Analysts make a practice of quoting the colour of coal 
ashes, and it is well known that such ashes consist of a 
mixture of particles widely different in colour We there¬ 
fore make it a rule to pulverise coal ashes to a fine powder 
( 1/200 mesh) in order to obtain an impression of the colour 
as a whole. 
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THE LANCASHIRE & CHESHIRE 
COAL RESEARCH ASSOCIATION. 


A NEW CHAKACTERISTIC FOR COAL: 
THE AGGLUTINATING POWER CURVE 


By F. S, SINNATT & A. GROUNDS. 





'Reprinted from the Journal of the Society of Chemical Industry, 
April 15, 1920, vol. XXXIX., No 7, pp 831-851.] 

A NEW CHARACTERISTIC FOR COAL: THE 
AGGLUTINATING POWER CURVE. 


This work is part of the investigation of Lancashire coals 
being carried out under the auspices of the Lancashire and 
Cheshire Coal Research Association. 

The present paper contains a study of the agglutinating 
power of coal under certain special conditions, and affords 
an auxiliary means for the identification and valuation of 
coals, with especial reference to their caking qualities. 
Although the test for the agglutinating power of coal has 
been studied fairly completely by certain firms for industrial 
purposes, the literature of the subject is somewhat scanty, 
the following being the two chief contributions : Campre- 
don * describes a method for measuring the caking value 
of coals by heating a standard weight of coal with varying 
weights of inert matter (Calais sand) in a platinum or 
porcelain crucible The test was repeated until the maxi¬ 
mum amount of inert matter which could be sustained by 
a coal was found, the coal still yielding a coherent button 
of coke J. T Dunn t observed that, occasionally, coals 
of high ash value had given higher agglutinating values 
than coals of a similar nature but of low ash v^ue, the 
latter coals being obviously much more smtable for the 
manufacture of coke He found^that much more consistent 
results could be obtained by the use of anthracite in place 
of sand as the inert matter. The coal to be tested was 
passed through a Jmm. sieve (approximately 1/50 sieve), 
whilst the anthracite was graded from i mm. to ^ mm {t e , 
while it passed through a i /25 sieve it would be retmned 
by a I /50 sieve). The proportion of the weight of inert 

* Compies rend, 1895 ; see this J., 1896, 186, 

t This J., 1913, 397. 
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Tuatter to the weight of coal was taken as a measure of 
•the agglutinatmg power. In the discussion which followed 
this paper it was suggested that retort carbon might be 
substituted for anthraate, and one speaker also mentioned 
that particular care should be taken to specify the size of 
the anthracite Further, it was stated that the coking test 
should be carried out in a muffle, and not over a Bunsen 
burner, and that the period of carbonisation should be 
controlled It was considered that some definite mechanical 
means should be adopted to measure the strength of the 
resultmg coke. 

No further attempt, as far as we are aware, has been 
made smce the publication of the above paper to standardise 
a method for determimng the coking value of coals. 

The temperature at which the coking or caking deter¬ 
mination is carried out is usually lower fiian that at which 
the ash of coal becomes fusible, but there is a i)OvSsibility 
(as suggested by Dunn) that the inorganic substances 
present in the coal may fuse during the carbonisation. It 
is well known that certain coals contain ferrous carbonate, 
and if the temperature at which the test is carried out is 
high, slight slagging may occur between the sand and the 
inorganic constituents of the coal. It is therefore desirable 
-to choose an inert material which has no agglutinating 
power, either when heated alone, or when heated with coal'. 
Further, a substance which does not give rise to tlie evolu¬ 
tion of gaseous products is preferable, as these have a 
distinct influence upon the rate at which the volatile con¬ 
stituents of coal ar* eliminated from the sphere of the 
reacting mass. The greater the volume of gas evolved by 
the inert matter and the greater the proportion of the latter 
present, the shorter the period the volatile constituents are 
in contact with the coal during the carbonisation. For 
these reasons it is considered that sand and anthracite are 
not entirely suitable As it is desirable to measure only 
the caking power derived from the decomposition of the 
organic compounds present in the coal, which bind together 
the coke formed during the carbonisation, the inert material 
should resemble coke as far as possible. The inert material 
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should not be porous, or it tends to absorb the binding or 
agglutinating substances produced during the carbonisation 
of the coal, the effect of which will be lost. Further, the 
particles of the material chosen ^otild be spheroidal in 
shape, thus eliminatmg binding together of the substance by 
interlacing of the particles, either alone.or when mixed^ 
with the coal or coke The substance finally chosen by us 
was pulverised electrode carbon, which appears to satisfy* 
most of the above conditions. " Flame-arc “ carbons 
should not be used, as these are impregnated with sodium 
and calcium salts, which might act as a flux for the ash of 
the coal, thus producing a binding effect and influencing the 
agglutinating value of the coal 

In order to study the influence of the degree of fineness 
of the powdered inert matter, a quantity of carefully graded 
electrode carbon was prepared ; 141 b. of electrode carbon, 
was pulverised so as to pass through a i /lo-mesh sieve. 
It was then intimately mixed and carefully sampled and 
analysed, with the following results:—^Mositure, 0*17 per 
cent. ; volatile matter, nil, ash, i -4 per cent ; carbon, 
98*35 per cent. This material was then sifted through the 
following tiers of sieves : i /lo to 1 / 30 , i /30 to i /60 ; 

I /60 to I /90 ; I /90 to I /120 ; I /120 to I /180 ; i /180 to 
1/200 ;. and through i / 200 . Considerable difficulty was 
experienced in obtainmg sieves of accurately sized mesh, 
and the above sizes had to be adopted finally, and the same 
material was used throughout. In our opinion, it is desir¬ 
able to have the inert matter of such an approach to 
uniformity of fineness as will pass througlp, say i /80 and 
be caught by a i / 90 . The difference in size between the 
I /60 and I /90 is too large if great accuracy is aimed at, as 
it is possible for one specimen of the material to consist of 
a large proportion of i /60 to i jyo and a much smaller 
proportion of i /80 to i / 90 , and a second specimen to have 
the proportions reversed. In fact, the gradation in size 
of a 30 's difference in mesh is not, in our opinion, sufficiently 
precise. It is hoped at a later date to repeat the experi¬ 
ments, using particles of inert matter more uniform >in size.. 
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A sample of Arley coal was carefully picked so as to be 
as free as possible from inorganic constituents, and the 
whole of the sample was ground to pass through a i /go' 
mesh sieve Determinations of the agglutinating value 
were then made by mixing one unit of coal with increasing 
proportions of sand (graded i/ 6 o to T/go)i and adopting 
“the standard American method for the detennmation of 
volatile matter m coal {i e., i grm of coal or mixture is 
placed in a platinum crucible weighing 20-30 grms-, on a 
silica triangle, over a Bunsen burner, and allowed to remain 
in the full flame for exactly seven minutes). 

The coherence of the coke obtained from the volatile, 
matter test was examined by removing the button and 
placing upon it a loo-grm weight, the surface of which 
was equal to that of the button obtained When the button 
crushed to powder‘Under the pressure of the weight the' 
maximum value was considered to have been attained 
The term agglutinating value " is used to describe the 
proportion of the weight of inert matter to unit weight of 
coal With an Arley coal ground to pass through a i /go ' 
sieve, the agglutmating value with sand i /60 to i /go was 
15 , while with gas carbon i /60 to i /go it was 7 * 5 . It 
would thus appear that the relative weights of sarid and 
electrode*^ carbon used are directly proportional to the 
specific gravities of the two substances, and'that the i gmi.' 
of coal requires equal volumes of sand aiid electrode carbon.’ 

It was therefore coUcluded that the coefficient of agglutina¬ 
tion of a coal is ‘a function of the volume ot surface of the 
inert matenal used This observation led iis 'to examine 
the influence of the size of the particles of iriert mdtter 
upon the agglutinating Valud of coals, and it was found that 
with decreasing size of particle the weight’of'lne‘rt material ^ 
required to destroy the caking power of hcoal was dimiiiished.' j 

It'was therefore decided to examine a number of'tyjncdif I 
tancashire seams, and to plot as graphs results 6 ? ! 

the agglfltinating power determinations. The' «i5ce of the | 
iheft matter experimented with W 9 .S'as'previou's^ly stated,^ j 
and in the graphs the' si^e of the pdificle lids bOen^ 
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assumed to be the mean between, the sieves used —e g , 
particles between i / 6 o and i /90 are taken as having an 
average size of i /75 mesh 

Average samples of c 6 al were obtained from a number 
of different seams, each of which was treated in epcactly 
the same manner The sample ’Cvas ground till it,would 
pass through a sieve of i /90 m^, and the dgglutinating 
value determined Each experiment was earned out. in. 
exactly the same manner, and the reason for ^he adoption 
of the standard Amencan method in “^his wdrk Was to make- 
the results of greater interest, as it' enables chemists who 
do not possess an electric furnace or a standard muffle, to^ 
■compare the results with those we have obtamed At a 
later date it is proposed to publish the results obtained by 
carbomsing the coal in an electncally heated tube, the 
temperature of which is controlled by a thermo-couple 
The results for the different coals are given in the following 
table, and the figures are plotted in the diagriam' — 



1 _ 

.* ■ 1., 

Fineness of electrode rarbon. 




1/180. 

1/120 

1 r/90 

, 1/60 

- V 3 « 

' I/TO 

> 


to 

to 

to 

to. 

to 

to 

No 

Naiue of'roal 

1/200. 

.1/180 

I/X 20 

1/90. 

-T/eo 

^ 1/30 


- J 

Weight of electrode cafbon per one unit 
' ‘ of rod! 

\ 1 

I 

MoiintaiiL Mine. 

5^ i 

. 95-1 

14*0 

17 a 

20 0 

24-0 

2 

Garswood, 9 ft. .. 

15 , 

25 

70 

13-o 

22-0 

. 25 

'5 

Bacon MUie, top^.. 

. 1*2 

2’5 

5'0 

1:4 0-- 

19*0 

22 0 

4 

,Arley, . , 

I 2 

I 7 

45 

8.0 

20-0 

25*C 

'5 

Ravine, t9pa 

I-O 

I 3 

3*0 

- 70 

15-0 

19 ■> 

6 

Hell Hole; middle ^ 

1 0 

!•! 

1-3 

710 

15-0 . 

r 18 0 

7 

ChimteTvS, 4ft.‘ 

1*0 

1*3 

r 5 

4*5 

1 

12*5 

21*5 






The graph for No 1, which is practically a straight line, 
shows no e\ndence of any bend when the size of the inert 
matter becomes extremely small This is interesting in 
view of the fact that No I coal yields by far the most 
voluminous and perfect foundry coke of any of those 
examined 

An examination of the curves leads to one point of 
importance, namely, that not only does the fundamental 
property of caking of different coals vary considerably, but 
tlie property is iiS.uenced by the degree of fineness of the 
inert substance until, when inert material finer than i /go 
mesh IS taken, the caking property of the coal may be 
entirely destroyed by less than its own weight of inert 
matter Attempts were made to determine the agglutinat¬ 
ing value with less than one umt of inert matter, but the 
results have not, up to the present, led to a satisfactory^ 
conclusion, and are not included in tliis paper There 
appears to be no reasonable objection to the conclusion that, 
if finer inert particles were used than those already experi¬ 
mented upon, the weight of inert matenal required would 
be reduced. It is suggested that the most satisfactory- 
manner of determining the agglutinating power of coal is 
to prepare a* graph, showing the relationship between the 
size of mesh of the inert matter used, and of the weight 
required to destroy'' the caking power of a unit weight of 
coal. ThivS- we have called the “ agglutination cu^e , it 
will be seen, however, that this determination is rather 
laborious, and as an alternative we suggest that the agglu¬ 
tinating powers of coal should be measured by- the fineness 
of the inert matter required to destroy its c^kmg properties. 
The manner of carrying out this test would b^ to mix^ one 
part of coal intimately with, we suggest, three parts of 
material, the size of particle of which should be varied, 
until the coal will no longer yield a coherent button with 
the inert matter The caking index would then be expressed 
in the degree of fineness of the inert matter---/? g , one coal 
would be, say, i /200 mesh, the next would be i /75. It has 
been found by us that the size of the particle of inert matter 
docs not influence the percentage of volatile organic matter 
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fevolved wten tte coal is heated as shown by the following 
series of experiments In these experiments one unit of 
coal, powdered to pass through a i /6o sieve and be caught 
by a I /90 mesh sieve, was mixed with four units of inert 
matter (electrode carbon) of the following degrees oi fineness 
and one grm of the resulting mixture was carbonised under 
constant conditions •— 


(Size of inert matter * Percentage of volatile organic 
electrode carbon) matter evolved, calculated nii 

coal taken. 


i/io—i/^o 
1/30—1/60 
1/60—1/90 
i/ioo—1/200 
1/200 ana finer. 


28 6 
29-0 

29 4 

29 4 
29 6 


* Mean of three determinations for each experiment. 


It can hardly be hoped to discuss the subject from any 
but a hunted number of aspects in this paper, but tlie 
followmg points may be considered. 

It is well known that during the washing of coal a con¬ 
siderable proportion of fine material is produced, jiarl of 
which cont^s a high percentage of inorganic matter and 
fusain. This matenal has to be disposed of in one form 
or another, and where the intention is to manufacture coke 
the fine material or dant is distributed throughout the mass 
of the cod. It would appear that the addition of this fine 
dant, which usually possesses a low caking value, and in 
some cases is entirely without caking properties, althougli 
produced from a caking coal, will lead to a distinct difference 
m the caking value of the coal itself. Further, it is clearly 
important that the fine material should be mixed throughout 
the mass of the coal as perfectly as possible, as its accumu¬ 
lation in certain parts of the masses of coal would load to 
the production of coke possessing distinct lines of weakness, 
due to the presence of sufficient finely-divided inert mutter 
to render the coal at this particular point entirely non¬ 
caking 
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The above observation applies to some eslent to the 
processes in which coal and coke are mixed for use during 
steam raising, but it would seem that the addition of a 
small proportion of very finely-divided coke might have a 
distinctly beneficial effect in reducing the cakmg power of 
a coal which otherwise might be unsuitable for steam 
raising. 

The influence of the inert matter also arises in the stone¬ 
dusting of mines; finely pulverised stone dust is sprayed 
into mines with a view to eliminate any chance of the fine 
coal dust in the mine exploding ; the mixture of coal and 
stone dust deposits on the floor, walls, and roofs in the pit. 
The addition of a §mall proportion of this very fine material 
to caking coals would cause the coal to act as a non-caking 
coal 

It should be mentioned that the figures given in this 
paper were obtained under conditions which were as uniform 
as possible, and represent the agglutination curves of the 
coals at one particular temperature. It appears that the 
shape of the curves may vary considerably with alterations 
in the temperature, and it is proposed at a later date to 
prepare curves for certain characteristic seams at a series 
of constant temperatures. 

We wish to place on record our thanks to Miss P. Wray 
for help during the preparation of the papers contained in 
this bulletin, 


'23, 
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STONE DUSTING OF MINES. 


PART I. 

SAMPLING & ANALYSIS OF MINE DUST 


Introduction. 

No exact interpretation of the new regulations (Statutory . 
Rules & Orders, 1920, No 1423, Part I Section 62) wi 
reference to stonedusting is available, and the meaning 
of paragraph 4 is not clear. 

At the request of a number of collienes the foUomng 
brief description of a method of samplmg, and the analysis 
of the mine dust has been prepared. 


Representative sampling. 

The Coal Mines Act (Statutory Rules & Orders, 1920, 

No. 1423, Part 1 . Section 62) states . . t *-u 

'* 4. For the purpose of testing the composition 0 e 
dust mixture in any part of a road, the following procedure 
fibnll be adopted .— 

(a) Representative samples of the dust shah be collec¬ 
ted from the floor, roof and sides, over an area o 
road not less than 30 yds in length 
m The samples coUected shall be well mixed and a 

piece of metalUc gauze having a mesh of 28 to the 
linear inch 

(c) A weighed quantity of the dust which has passed 
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through the sieve shall be dried at 212° Pahieii- 
heit, and the weight lost shall be reckoned as 
moisture. The sample shall then be brought to a 
red heat in an open vessel until it no longer loses 
weight. The weight so lost by incineration shall 
be reckoned as combustible matter for the purposes 
of the test ” 

In the absence of an official inteq^retation of sub-para¬ 
graphs [d) and (6) above, the following method of sampling 
IS suggested as a means of obtaining a representative .sainjde 
of the dust from the floor, roof and sides. 

In any particular length of 50 yds a sample is obtained 
of the dust from the floor, roof and sides, by brushing the 
whole of it off a width of about 4 inches into a niclal box, 
at intervals of say 10 yds It is convenient to have the box 
fitted with a lid, which should be so arranged that when the 
box is open the lid protects the contents from the force of 
the air current, and thus prevents the fine dust being carried 
forward and lost as it is swept into the box. - With such 
an arrangement it is possible to sweep a band of dust 
from the roof, sides and floor, without undue loss of any 
portion of it. An ordinary painter's brush about .f inches 
wide is suitable for this purpose. 

The five samples collected from the 50 yds are col¬ 
lected m the box, or if necessary transferred to a larger 
receptacle having a lid , the whole is intimately mixed by 
shaking, and a portion taken out and sieved through, 
lamp gauze (28 meshes to the linear in h). The material 
which passes through is collected in a small tin box (a 
suitable size is inches in diameter and I inch deeii), 
having a tightly fitting lid. Each box should be numbered! 
and when samples are submitted for analysis a list should 
be kept showing the position in the mine, the dtite and the 
sampler’s name 
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The above method gives what may be termed a 
perimeter sample/' and may be considered to be repre¬ 
sentative of the 50 yds. of road over which it is taken. 

In place of the brush, a broad palette knife or small 
shovel may be used for obtaining the samples, but there 
is a tendency to remove the materials of which the roof, 
sides and floor are composed, and thus vitiate the results 
Little variation will be found to occur in the moisture 
content of the samples if enclosed in metal boxes. For 
many purposes the samples may be collected in stout 
envelopes, provided they are not kept too long before 
being analysed 

TF^TING THE SMIPLE (para 4c) 

If it is necessary’' to store a sample for any length of 
time it should be kept in a position where the temperature 
is umform, and the humidity of the air is fairly constant, 
and should be contained in an air-tight tin 

Apparatus requirei 

A sieve of ordinary lamp gauze, 28 meshes to the linear 
inch. 

A number of arcular silica dishes, 2 inches in diameter, 
i to i inch in depth 

Bunsen burners and a small gas-heated muffle, 01 an 
electrical muffle 

Tripod stands. Pipeclay triangles. Crucible tongs. 

A balance, which should be sufficiently delicate to turn 
with about i milligram A glass cover is not necessary, 
but is a distinct advantage as it preserves the balance and 
keeps it delicate. A box of weights 

A desiccator, and calcium chloride, for use in desiccator. 
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An oven heated to 2I2®F An air oven heated by means 
of a bunsen or an oven heated by steam It should contain 
a thermometer to indicate the temperature. 

The total cost of the above apparatus is fiom £15 to 
£20, according to the type of the balance. 

Determination of Moisture 

A sihea dish is weighed (i) and into it is brought a 
portion of the mine dust the dish and its contents being 
then weighed (2) The weight of the mine dust should be 


from 2 to 3 grams The dish is placed in an air-oveii, 
which has previously been heated to 212°!' (ioo°C) It is 
allowed to remain in the oven'for one lioui, and whilst still 
hot IS transferred to a desiccator. The atmosphere 111 the 
desiccator is perfectly dIy^ with the result that whilst the 
dust IS coohng it does not re-absorb water. When the 
sample has become quite cold it is removed from the desic¬ 
cator and re-weighed (3) as rapidly as possible 'J'he loss 
in weight is the percentage of moisture in the mine dust. 
(Mines Act, para 4c) 

Example 

Weight of dish and mine dust (2) .. 
Weight of dish alone (i) 

15 43 grams. 

Weight of mine dust 


After drying in oven for one hour at 2i2'T<\ 
Weight of dish and mine dust (2) .. 
Weight of dish and mine dust after 
drying (3) . 

' 54.5 

15-27 

I^oss in weight (moisture) .. 

0.1b 

Percentage of moisture = 0 lO x lou - 

> >0' 
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Dctermmation of combustible matief 

The dish and its contents from the above determination 
moisture are then placed on a tnangle over a bunsen 
Durner, and then in a muffle, and heated first slowlj’’ and 
then as strongly as possible, until no black particles can be 
detected; the heating will reqiure at least an hour. When 
[ree from black specks the dish is cooled and weighed 
again, and the loss m weight is the combustible matter 
mentioned in the Mines Act 

Example, 

Weight of dish and mine dust .. 13.43 grams. 

Weight of dish alone.. . .. 10 43 „ 

Weight of mine dust .. .. 5 00 „ 

The mine dust is then incinerated until nothing but ash 
remains . 

Weight of dish and mine dust after 

drying at 2i2°F. .. .. 13.27 grams. 

Weight of dish and ash .. .. 14.00 „ 

Loss by incineration = combustible 

matter .. .. .. 1.27 „ 

Percentage of combustible matter = 1.27 x 100 = 23.4 
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nmmary. 

Analysis of stone dust. 


Moisture. 3-20% 

Combustible matter. 25.4% 

Ash. 714% 
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PREFACE. 


The present bulletin has been prepared in respouce 
to a number of enquiries which have been received for 
a detaded. description of the method of detcnniuiiij; the 
calorific value of coal used by the Research Association 

R A. BURROWri. 

Pn'^nUnt of ihc lauttwhnt and 
Chcshiu Qoal AVst’ff/t// AwotiatioHy 

Atherton Collieriesy 
Athei ton, 



THE CALORIFIC VALUE OF COAL. 


Ill the present bulletin no attempt has been made to 
deal with the subject of calorimetry in a general manner; 
it is limited to a brief description of the actual routine 
methods used by the authors for the determination of the 
calorific (thermal) Value of coal On this account it has 
not been considered necessaiy to introduce references to 
the original literature and if greater details are required 
the work by J H Coste and E R. Andrews* is recommended. 

It IS recognised that other calonmeters than those 
mentioned will, under pioper conditions, yield results 
possessing the same order of accuracy 

At a later date it is proposed to issue vseparate bulletins 
containing (a) a description of the cliief seams in the 
Lancashire coal held including the calonfic value of the 
different coals and (b) an attempt to frame a logical system 
for the purchase of coal based upon its calonfic and other 
values 

Uniis of hcai 

'J'he calorific (thermal) value of coal is expressed in the 
following units .— 

British Thermal Units (B Th U) per pound A Bntish 
Thermal Unit is the quantity of heat which raises the 
temperature of one pound of water one degree Fahrenheit 

Calories per gram A Calorie is the quantity of heat 
which raises the temperature of one kilogram of water 
one degree centigrade (15-5 to i6*5°C.) 

In terms of the number of pounds of water, the heat 
evolved by buniiiig one pound of coal, will convert from 
water at loo'^C. (2T2°F.) into steam at ioo°C (2i2°F) (i e 
calorific value of the coal in B Th.Us or Calories di\dded 
by the latent heat of steam in B.Th Us (970) or Calories 

( 539 )).__ _ . 

*FueI. Examination and Thermal Value (Griffln). 
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In order to cofivert Calories per gram, into B.Th Us per 
pound the former value is multiphed by the constant i • S 
Gross and net calorific value. 

It should be recognised that livhen coal is burned m 
air, the products of combustion as a rule leave the system 
at a temperature higher than the boiling point of water 
and the steam produced by the combustion of the hydrogen 
in the coal is not condensed The latent heat of the* steam 
IS not recovered as part of the heat evolved by the com¬ 
bustion of the coal In calorimeters the steam is condensed 
and the temperature reduced to about 20°C. before the 
products of combustion are allowed to escape froux the 
instrument, and the heating value as deternuned, is there¬ 
fore, higher than can be recovered from the coal in practice 
This is called the gross calorific value of the coal. If the 
heat evolved by the condensation of the steam and cooling 
the water produced by the oxidation of the hydrogen in 
the coal, is deducted from the gross value, the result is 
the net'' calorific value of the coal From the point 
of view of the consumer the “ net value is a truer repiesen- 
tation of the calorific value of the coal, than that given 
by the calorimeter The following is an example of the 
difference to be expected (assuming the latent heat of 
steam to be 970 B Th.U. and temperature 68®F.) 

Percentage of Hydrogen in coal, 5-0. 

Gross calorific value 14,700 B Th U. pei lb 

Nett „ ,, I 4 »i 99 

The calculation of the calorific value 

A number of formulse have been suggested for the 
calculation of the calorific value from the results obtained 
by the chemical analysis of coal Two types of formulm 
are common, based upon — 

1. The ultimate analysis of the coal. 

2. The proximate analysis of coal. 

Calculation of the calorific value from the ultimate analysis. 

Formulse requiring the results of the ultimate analysis 
of coal suffer from the distinct disadvantage that the 
analysis must have been completed before the formula can 
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be applied. Further as the results of the ultimate analyses 
cannot be assumed to be accurate within narrow limits 
(see Bulletin 4, page 36) the value given by such formulae 
IS not as accurate as that obtained in the bomb calori¬ 
meter 

The formula originally suggested by Bulong is as 
follows *— 

CV = -1 (8080 C.+34,460 (H 5 )+2250 S). 

100 o 

This has been modified by numerous experimentors, 
and Gray and Robertson (J S. CI.1904, 23.704), adopted 
the following:— 

C.V =^^(8140 C.+34500 + -2220S}. 

Where C H. O. N. S =percentage of carbon, hydrogen, 
oxygen, nitrogen, sulphur in the coal 

In order that such formulae should yield accurate results, 
it must be assumed (i) that the ultimate analysis of coal 
IS an accurate reflex of its composition (see Bulletin 4, 
Notes on Coal Analysis, page 36); (2) that the elements are 
present in the coal as such, and not in chemical combina¬ 
tion It is recognised that these conditions do not exist 
practically and that such foimulee yield only approximate 
results. 

Formulce based upon the results of the proximate analysis of 
coal, 

A number of formulae are available for the calculation 
of the calorific value from the results obt^ed in the proxi¬ 
mate analysis. Such formulae are valuable when the same 
seam of coal is being dealt with contmuall}^^^ It is well 
known that particular seams of coal ^occasionally show 
small variations in composition throughout the mass of 
the seam, i e, the composition of the actual organic coal 
substance is uniform in character. Where sudi a seam as 
this is being examined, formulae of the type under discussion 
are extremely accurate. It should also be recognised that 
other seams of coal vary widely in composition. In this 
case formulte of the present type yield results which are 
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worthless Parr and Wheeler (U vS. Geological vSurvey, 1909, 
Bulletin 37) express views which have been wideh held 
that the organic or mother substance of coal is frequetill}'- 
uniform in character 

The recent work of Stopes, Wheeler, Tessmg and one 
of the authors indicate that wide divergencies 111 analytical 
values are to be expected for the four constituents of banded 
bituminous coal (vitrain, clarain, dufaiu and lusain) The 
chemical composition of coal will vary with the iiropoitions 
of these constituents present. 

One formula suggested for the calculation of the calorilic 
value of cod from the values obtained in the pioximate 
analysis is that de\used by M Goutal (Comptes Rend, 135, 
X2, 477-79). This is based upon deteiniinations of the 
caloric value of six hundred different samples of coal, and 
^nelds values which agree with those obtained in the bomb 
calorimeter to within 1% 

GoiitaVs forjmda 

Calorific value in Calones=S2C+aV 

Where ‘ C * is the percentage of “ fixed carbon ” ' V * 
is the percentage of volatile matter les,-, moistuie, and ' a ’ 
is a constant which depends upon the ]ieicentage of volatile 
matter calculated upon the basis which eliminates ash and 
moisture y^io o X V \ 

I c+vj 

The following table contains the values for ' a ' for 
corresponding values of 


100 xv 

a 

100 X V 

a 

100 xV 

a 

c+v 


c+v 


CH-V 


I to 4 

100 

16 

115 

29 

90 



17 

113 

30 

98 

5 

145 

iS 

112 

31 

97 

6 

142 

19 

no 

32 

97 

7 

139 

20 

log 

33 

of) 

S 

136 

21 

108 

34 

95 

9 

133 

22 

107 

35 

91 

10 

130 

23 

105 

3 ^'> 

9T 

IX 

127 

24 

104 

37 

H 8 

12 

124 

25 

103 

38 

«5 

13 

122 

26 

102 

39 

fi2 

14 

120 

27 

lOI 

40 

80 

15 

117 

2S 

IQO 
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When a particular seam or mixture of seams is being 
examined the accuracy of formulae of the type of GoutaVs 
may be inci eased hy a determination of the calorific value 
on one particular sample in a bomb calorimeter From 
the^e results the value for ' a ' which must be assumed 
to Ije constant for a particular seam be calculated 
This value' is then substituted in Goutal's equation when 
aijplying the formula for the determination of the calorific 
value of subsequent samples from the same source 

Example of ihe application of GovtaVs formula — 
Approximate analysis of Coal 

Moisture . . . . .. i • n 

Ash .. . . . . 3.3 

V'olatile Matter (less moisture) ,. 33 4 (V) 

“ Fixed Carbon " (Coke less ash) 6r 4 (C) 

^^^-=35*2 a==q4 (see table above) 

Calorific \^alue in Caloiies 

=S^x6i*4+94X33*4=8i 79 Cals. 
=14,720 BTh.Us 

As determined 111 bomb calorimeter 

=14,740 B Th.Us. 

When the sample of coal contains calcium or substi¬ 
tuted calcium carbonates, formuUe of the type of Goutal’s 
are worthless for the calculation of the calonfic value. 
The carbonates midergo decomposition when igmted and 
give nse to inaccurate figures for the volatile matter. In 
the case of certain samples of coal which have been examined 
the carbon dioxide evolved by treatment with mineral 
acid was found to be as liigh as 18% 

The determination of the calonfic value. 

Man}’' methods have been described for the determina¬ 
tion of the calorific value of coal; it is only proposed to 
deal with two types of calorimeters which exhibit charac¬ 
teristic features The two t5q)es are .— 

(1) The sodium peroxide calorimeter. 

(2) The bomb calonmeter. 
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In mentioning the naxn.es of these instruments, it is 
not intended to suggest that they are better than many 
other instruments on the market The types are used iii 
the laboratories of the Assoaation and have given reason¬ 
able accuracy and service 

The sodium peroxide calorimeter {Roland Wild)* 4 

The makers supply a comprehensive description of the 
method of using the apparatus 

of the instrument may be gathered from the drawing 










(Fig i), (a) is a nickel crucible provided with lugs by 
which it may be screwed into the conduit (c) which is 
fitted with a small ball valve (d). 

(Note. This valve is perhaps the weakest part of the 
instrument and has been replaced on one instrument by a 
brass tap with a bore ^ inch, which has proved especi^ly 
effective) 

The water equivalent of each instrument is supphed 
by the makers and is generally about 75 grams but should 
be checked by an actual determination on a sample of coal 
of known calorific value; 925 grams of water are placed 
in the inner vessel. 0-73 gram of the coal, pulverised to 
a degree of fineness which vanes with the type of coal 
under examination is intimately mixed with 12 to 14 grams 
bf granulated sodium peroxide Sodium peroxide in the 
form of a fine powder should not be used. The mixture 
is brought into the nickel crucible (a), which is then screwed 
into the cap until a gas tight joint is formed with the 
rubber washer. The thermometer (Fahrenheit) is now 
arranged in position, with its bulb (k) on a level with the 
base of the crucible, the instrument is assembled and 
placed in a position in which a uniform temperature is 
maintained. The water is agitated by means of the stirrer 
(h) until the temperature recorded on the thermometer is 
constant. A piece of mckel wire about inch in diameter, 
and I inch in length is heated to bright red heat in a bunsen 
burner, and whilst hot is allowed to fall through the valve 
(d) which is at once closed. The hot mckel wire ignites 
the coal, which continues to bum in the oxygen derived 
from the sodium peroxide. Throughout the operation the 
water in the vessel should be agitated by means of the stirrer. 
The difference in temperature between that recorded in 
the instmment before ignition, and the highest temperature 
reached during the determination, is the rise in temperature 
to be noted. This value multiphed by 1,000 (925 grams of 
water plus 75 grams) is the calorific value in British 
Thermal Units per lb. of coal. 27% of the total heat 
evolved by the combustiofl. of the coal is derived from 
the reactions occurring between the products of com- 
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bustion (watei, carbon dioxide, etc) and the sodium 
peroxide This accounts for the fact that only 0*7^ gram 
of coal is used. 

On the completion of the test, the instrument should 
be washed out with water and dilute acetic acid, and then 
thoroughly dried , finally a small quantity of vaseline 
should be applied to the thread of the screw on the cmcible 

It will be gathered that the instrument is easy to 
manipulate and is empirical in character, its accuracy 
may be enhanced by cariydng out a senes of deteniiinatioiis 
upon vanous coals, the calonfic value of which has been 
found in a bomb calonmeter By this means the water 
equivalent of the instrument may be ascertained for cocils 
of different types. These constants are then introduced 
whenever coal of a particular nature has to be exainineci 
in the instrument. It should be emphasised that the degree 
of fineness of the coal must be chosen with care, otheiwise 
the combustion may proceed with explosive violence 

The fused mass remaining in the cmcible contains the 
sulphur from the coal m the form of sodium sulphate 
It may be washed out into a vessel and treated m the 
usual manner for the estimation of sulphuric acid**' (See 
Parr J , Ind. Eng. Chem , iqiq, li 230) 

The bomb calorimeter. 

It is not proposed to describe the elaborate precautions 
which have been suggested with a view to increasing the 
dehcacy of the determination of the calorific value of coal 
in a bomb calorimeter, tlie errors associated with the 
various details will, however, be commented upon. A des¬ 
cription of the methods adopted in the laboratories of the 
Association is given, to indicate the precautions that are 
considered necessary in order to standardise the errors of 
the experiment. 

The general arrangement of tlie calorimeter, and the 
method of stirring, lighting and reading, may be gathered 
from Figure 3 

•Bee Bnllelan 4, Notoa on Coal AuolyHiB, hy ¥ B BlnuiiU. 
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The calorimeter vessel is placed on a circular piece of 
“thick asbestos board (a) to reduce the conduction from the 
instrument, and stands on a slate slab in the centre of a 
chamber 3 feet wide by 2 feet deep by 4 feet high, to which 
is fitted a sliding glass door made airtight by means of a 
mbber cushion at the lower end The chamber is fitted 
into the brickwork of an inside wall, and in it a constant 
temperature is recorded. By raising the glass door, the 
manipulation reqmred during the deteimmation is effected 
Before the actual estimation is commenced, the glass door 
IS closed, and the instrument isolated from the laboratory 
The switch for the stirrer (k) and the motor (m) for driving 
the stirrer are outside the chamber 111 order to ehniinate any 
heating from this source. The bank of lamps (b) required 
for firing the wire for igmtmg the charge is at a distance 
from the calorimeter, the thermometer is illuminated 
from the outside by means of an electric lamp (11) and the 
reading is made through the window of the chamber by 
means of a telescope or cathetometer (1) placed at about 
2 feet from the calorimeter chamber 

Details of the apparatus 

The calorimeter (copper) containing ig litres of/water, 
remains in the calorimeter chamber permanently, and is 
consequently always at the temperature of the chamber. 

The thermometer 

The thermometer is of the solid stem type, ha\ 4 iig a 
range between 15° and 23°C. It is divided into i/iooths 
and can be read to i/iooo°C In view of the short range 
it IS not possible to obtain an easy standard against which 
the thermometer may be checked, and it is, therefore, 
advisable to obtain one which has been standardised at the 
National Physical lyaboratory. (Beckmann thermometers 
are considered too fragile for ordinary determinations.) 

The stirrer. 

The stirrer (s) (perforated horse-shoe shape) is arranged 
so that no part of it except the rod projects above the water 
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in the calorimeter vessel, in order to reduce evaporation 
to the lowest limits. The rate of the stirrer is lOO strokes 
to the minute It is driven by a separate motor (m) 

'The honib. 

The construction of the Mahler-Kroecker bomb is shown 
in Figure 3 It will be seen that inlet and outlet valves 
are provided, designed originally to admit of the estimation 
of the carbon dioxide and water produced during the deter¬ 
mination. Owing to the fact that sulphuric acid and 
nitric acid are both formed in the oxidation of coal, it is 
not possible to determine the water formed. Further, the 
determination of carbon dioxide as part of the determination 
of the calorific value of coal is not economical If water 
IS introduced into the bomb, pre\nous to the determination, 
it is troublesome to expel the carbon dioxide from the liqiud 
into a weighed potash bulb These considerations have led 
us to use the bomb calorimeter solety for the determination 
of the calorific value. 

The lid or head of the bomb is pro\dded with a lead 
washer, and when screwed to the bomb forms a perfectly 
gas-tight joint. The ease with winch the head can be 
unscrewed at the completion of a determination depends 
largely upon the application of a trace of lubricant (vaseline 
of high melting point) in such a manner that, none is allowed 
inside the bomb In order to protect the enamel at the 
bottom of the bomb from specks of hot wire, it is covered 
with a thin sheet of platinum foil This does not interfere 
with the efficient washing of the bomb in order to determine 
the nitric and sulphuric acids formed during the process 
Certain precautions wiU be mentioned later in the method 
of using the pin valves during the actual manipulation of 
the bomb, but it may be pointed out that especial care 
and cleanliness are necessary in order to keep them in good 
working condition. The valves are removed and thoroughly 
washed with water and dried before putting the calori¬ 
meter on one side The inside of the head of the bomb 
is gold plated; this gold plate rapidly wears off The 
lid of one bomb has been covered with thin platinum foil. 
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pTCSS. 

Hie coal is pulverised to pass through a 1/90 mesh 
sieve and may be made into a bnquette m a special press 
sui)|)Ucd with the apparatus This press admits of the wire 
Used ior startiug the combustion being bound into the coal 
diiriug the moulding When it is found that the coal does 
not readily form a briquette it may be mixed with a known 
weight of pure benzoic acid or with a sample of coal which 
leafUlv forms a briquette, the calorific value of which is 
known. ^ By embedding the firing wiie in the coal, very 
few iiiislites are experienced, whilst the tendency of the 
iiou wire to be thrown on to the enamel of the tomb is 
led need to a minimum In 100 determinations only S beads 
of iioii were found on the enamel 

It is not essential to make the coal into a briquette, 
Init it may be weighed into a silica or platinum cnicible 
and the wire for firing arranged in it m the form of a short 
s])ir.d. The main objection to this method is that misfires 
are more frequent than when the coal is made into a briquette, 

I I'm? fining- 

I'latuium wire (o 0035 inch diameter) is pieferred to 
iron wire, although the latter has been largely used in the 
Muhler-Kroecker bomb 

(hVAfeV/. 

■ The cost of oxygen is a considerable item, and in order 
\o luiuiiuise waste, at least two cylinders should be in opera¬ 
tion lit the same time, one being used as a low pressure, 
tLiul 11 le second as a high pressure cylinder. The bomb is 
lii.st eiJiinected to the low pressure cylinder, and filled to 
the iiiaxiniiini pressure in the cylinder , it is then closed 
and connected to the high pressure cylinder and the pressure 
allowed to rise to 25 atmospheres. By this means it is 
jio.ssihle to exhaust each cylinder of oxygen. 

equivalent of the apparatus. 

In iletcrmining the water equivalent of the bomb 
('iilorinieler, the value wall vary with alterations in the 
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surroundings of the bomb, and the interchange of heat 
between tlie calorimeter and its environment is practically 
proportional to the difference in their temperatures 
Consequently the water equivalent of the bomb should be 
determined under exactly the same conditions as will be 
used for the combustion of the coals All the mechanical' 
arrangements, its position in the room, the shields, the 
stirrer, etc , should be decided upon before the deter¬ 
mination of the water equivalent ol the apparatus is earned 
out 

The only reliable method of determining the water 
equivalent foi ordinary practice, is b^" burning a substance 
of known calonfic value Naphthalene, cane sugar, benzoic 
acid, have been widely adopted as standard substances, 
but it IS considered that benzoic acid is the most suitable 
With naphthalene it is difficult to ensure complete com¬ 
bustion, and its calonfic value is somewhat uncertain, 
different authorities giving from c).b2S to 9,718 calories 
The objection to cane sugar (3,954 calones) is that its 
calorific value is low, and consequently the conditions 
under winch the test is corned out are not exactly com¬ 
parable with those existing when coal is examined. 

In carrying out the determination with a standard 
substance (benzoic acid) sufficient should be taken to 
produce a rise in temperature such as would be obtained 
with one gram of average coal, tlie temperature differences- 
between the calorimeter and its environment will then 
approximate to those of an actual determination. 

The benzoic acid is made into a briquette, and the 
determination carried out in exactly the same manner as- 
that described later under the heading of method of 
manipulation 

A second method of determining the water equivalent 
IS to obtain the weight of the various parts of the calori¬ 
meter which are directly affected by the heat Erom the 
bomb. The water eqmvalent of each part can be cal¬ 
culated by multiplying the weight by its specific heat. 
The following values are required in the Mahler-Kroecker 
and Mahler-Cook calorimeters 


15 









SPEJCIFIC HFATS. 

Mahler-Kroecker & Maheer-Cook Bomb CaIvOrimiso'ERs 
Specifir Heat Part of calorimeter 
Copper .. .0 0915 , . calonuieter vessel and 

stirrer 

Lead .. . 0-0290 . washer 

. Platinum .. o 032 ; . inlet tube crucible and tei- 

minal, and platinum disc 
Silica . . o 1977 . crucible 

Steel . 0*1100 . bomb 

Mercury . 0*0333 • 

Thermometer o 45 calorie per cubic centimetre 

The water equivalent of the author's apparatus is 
370 grams 

The second bomb calorimeter used by us is that sui3plied 
by Messrs. C W Cook, Ltd which differs in certain detcails 
•from that of the Mahler-Kroecker bomb Tins particular 
instrument is used under conditions which are not quite 
so ideal as those descnbed in the preceding pages, owing 
to lack of space in the particular laborator3’’ in which the 
determmations have to be earned out. The instrument is 
not m an enclosed chamber, and the reading of the ther¬ 
mometer is made by means of a Dxio lens. 

The method of ignition is by a small fixed open resis¬ 
tance and a switch The water jacket of the calorimeter 
is not only pohshed, but it is covered with thick felt which 
reduces the heat lost by radiation. The stirrer is 
maintained at 90 strokes per minute, as owing to the volume 
of the bomb there is a tendency for the liqmd to sjilash 
if the speed is increased to that used with the Mahler- 
Kroecker bomb 

The homh * 

The construction of the Mahler-Cook bomb may be 
gathered from Figure 2. The water equivalent is about 
650 grams as compared with that of the Mahler-Kroeker 
bomb of 370 grams The head differs completely from tliat 
of the Mahler-Kroecker bomb, and consists of a powerful 
nut of hexagon shape, ha\’iug a special spig(3t joint (a). 
The joint is fitted with a lead washer and the niani]>ulation 
of the head in order to obtain a perfectly gas-tight joint 
is simpler than that of the Mahler-Kroecker bomb* The 
nut has free movement on the actual head of J:he_bo_mb, 

♦The University Works, Manchester * ^ 
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and the crucible and its contents are not disturbed during- 
the manipulation In the case of the Mahler-Kroecker 
bomb, as the lid is being screwed into position the crucible 
and its contents are revolved, and this causes misfires 
owing to the wire for ignition and the briquette of coal 
becoming displaced The wear and tear on the washer is 
less than that in the Mahler-Kroecker bomb, where there 
is a rubbing action In the case of the Mahler-Cook bomb 
the two surfaces are brought together by simple pressure 
and there is actually no twisting action upon the washer 
In this respect the Mahler-Cook bomb has advantages 
over the Mahler-Kroecker bomb, and as it is one of the 
vital points in the manipulation of the bomb, the considera¬ 
tion must be taken senousl}’' into account in deciding which 
of the two forms of apparatus to instal., 

The means by which the oxygen is introduced into the 
bomb are similar to those of the Mahler-Kroecker bomb, 
except that the valve is gmded by a liand wheel (b) three 
inches in diameter, and thus more perfect control is possible 
Leakage of the inlet valve occasionally occurs, due most 
frequently to the cone (c) becommg rusty owing to the 
action of the acid gases in the waste products. The trouble 
may be remedied b3’‘ cleaning the cone with emery paper, 
or the cone may be re-ground without trouble The latter 
has only been necessary three times whilst 1,700 deter¬ 
minations have been earned out. It is not advisable to 
remove the spindle more frequently than is absolutely 
necessary, as the packing may become disturbed 

Platinum wire is used and 33 per cent of the value of 
the wire is recovered from tlie waste platinum. A platinum 
crucible (d) is part of this instrument and the wear and 
tear upon it is greatly reduced by using platinum as the 
igmting wire. If iron wire is taken there is a tendency 
for the crucible to depreciate in value. 

Method of manipidation of the Mahler-Kroecker apparatus 
The following is a brief desenption of an actual deter¬ 
mination of the calorific value of a sample of coalun the 
Mahler-Kroecker bomb. It will be assumed that the con¬ 
ditions of the calorimeter are those described earlier in 
this bulletin 








The calonmeter vessel is charged with 2130 grams, of 
water, the temperature of wluch should be that of the 
chamber in which the (determination will be performed 
The actual volume of water taken should be such that 
only the two terminals of the Maliler-Kroecker bomb 
project above the surface 

One gram of coal, pulverised to pass through a i /go 
mesh IS placed in the c\^hnder of the briquette making 
press, and a length of eight centimeties of iron wire weighed 
and arranged so that it passes into the coal to a depth 
of about one-eighth of an inch The press is then assembled, 
and the coal compressed into a small briquette It is then 
removed, when the iron wire should be firmly embedded 
in the briquette The whole is now weighed, and by deduc> 
ting the weight of the iron wire, that of the coal is obtained ; 
for ordinar}^ coals the weight should not exceed one gram 
The separate ends of the iron wire are now attached to the 
terminals (c) and (d) on the head of the bomb, and below 
the briquette is placed a silica crucible (e), so that the coal 
just touches the bottom of the cnicible The screw of the 
bomb calonmeter is now^ covered with a thin coating of 
vasehne, and the l,ead washer in the head or lid carefully 
wiped to remove dust 10 c.c of distilled w^ater are intro¬ 
duced into the bomb and the head of the bomb is now 
screwed home, by the aid of a long lever , considerable 
pressure must be exerted The inlet-valve (f) is attached 
to the ox3^gen C3dinder, and the pin valve opened just half 
a turn, the outlet valve (g) being closed The ox^^gen is 
then turned on at the c^diiider until the pressuie'in the 
bomb as shown on a gauge reaches 25 atmosidieres It is 
not necessar}^ to emphasise the fact that tlie ox\’geu should 
only enter the bomb calorimeter slowly When the desired 
pressure has been attained, the pm valve (h) is closed bv 
simple pressure of the fingers A perfectly gas-tight joint 
can be obtained b^’’ this means, without undue j^ressiire 
being exerted Any excess of pressure means that the 
surface between the valve and its seating gradually becomes 
distorted until finally the seating will require re-gnnding, 
or the head ma}^ be rendered entirely useless. The attacli- 
ment to the oxygen cyhnder is now removed and the main 
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valve (f) replaced The electrical terminals wliich pass 
through the lamp resistance* are attached to the terminals 
of the head of the boml^ by thin unprotected copper wire, 
4 inches in length connected to ins^ilated wire (j) The 
bomb is now carefully lowered in the calorimeter vessel, 
the stirier introduced, the tliermometer placed in its 
position, and the \nilcanite hd replaced The stirrer (s) 
is now started and rated at loo strokes per mmute. The 
glass door of the calorimeter cupboard is closed, and the 
whole allowed to stand with the stirrer running for at least 
five minutes At the expiration of this period the actual 
detenninatiou may be started Readings of the ther¬ 
mometer arc now taken to i /looo'^, at one minute intervals 
and are recorded as the pre-ignition readings. These 
readings should be taken ±or a period of ten mmutes, but 
it will be found that working under the conditions described 
above a uniform temperature is attained in five minutes 
At the end of the tenth minute the electrical connection 
which heats the igmtion-wire is made, the readings of the 
thermometer are continued at half-minute inter\'als, the 
eleventh, twelfth, etc. being placed on record, although the 
temperature ma}" be rising very rapidly. The reading 
IS obtained at the end of every half niiiinte, until the maxi¬ 
mum temx^eiature has been recorded, when the post-igmtion 
values are placed on record for an additional ten minutes. 
The actual detennmation is liow complete except for the 
estimation of the suljihuric and mtnc acids remaining in 
the bomlD. The bomb is removed from the calorimeter 
vessel, thoronghl}^ diied, the outlet valve opened cautiously, 
and the gases allowed to escape The head is then un¬ 
screwed, and tlie bomb and the head are washed out with 
distilled water into a beaker. This liquid contains the 
sulphiiiic and nitric acids produced by the oxidation of 
the sulphur m the coal, and the nitrogen in the coal, oxygen 
and air in the bomb The crucible and bomb should be 
carefully examined for indications of incomplete com- 
bugition. Especial attention should be paid to the ash 
of the coal remaining in the crucible as it is frequently 
in a fused condition and forms beads in which small 
quantities of unbumt carbon may be detected. 


The liquid from the bomb is titrated with deci-normal 
caustic soda, using methyl-orange as the indicator , the 
volume of caustic soda reqmred shows the total amount 
of acid present in the liqmd The hquid is now made 
slightly aad with hydrochloric acid, and filtered to remove 
any particles of platinum or iron wire and ash The filtrate 
is then heated to boiling, and a slight excess of a boiling 
solution of banum-chlonde added. The liquid is allowed 
to digest and then placed on one side to allow the barium 
sulphate to separate The barium sulphate is then filtered 
o 5 , washed thoroughly, dried and ignited The weight of 
barium sulphate multiphed by 0*4206 is the amount 
of sulphuric aad present in the hquid The weight 
of acid is calculated to the equivalent volume of deci- 
normal caustic soda, and the volume thus obtained deducted 
from the total obtained m the titration of the liquid. 
The excess is the volume of deci-normal caustic soda required 
to neutrahse the mtnc acid in the liquid 

Where the percentage of sulphur in the coal is known, 
it is quite accurate to calculate the amount of sulphur in 
the weight of coal taken for the calorific detennination, 
and from this the weight of sulphuric acid which woultl 
be formed when it is oxidised. The volume of deci-nonnal 
caustic soda eqmvalent to this aad is then calculated and 
deducted from the volume of caustic soda required in the 
titration of the liquid from the bomb The difference is 
the volume reqmred to neutralise the nitric acid produced 
in the determination. 

Frequent observations have been made as to tlie amount 
of sulphur remaining in the ash, and as a general rule where 
the percentage of ash is not greater than 10, the error 
introduced by this procedure is comparatively small. 

It is clear that the above forms a rapid method for the 
estimation of sulphur in coal, and the time required for 
the determination is considerably reduced as compared 
with Eschka's method. 
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The following is a typical example of a determination 
of the calonfic value in the ]\Iahler-Kroecker bomb with 
the method of calculation of the corrections — 

Date* 6/6/21 


Sample No . 523/P 
Readings 


Time 

Ten 

ii'4i 

14 96o\ 

42 

14 qGo 

43 • 

I \ 960 

-1 [ • 

T 4-955 

IS 

14 <>55 

46 

1-1 955/ 

46J . 

15-2001 

47 

16-900 

47 i 

17 - 620 

48 

17-780 

481 

17-820 

49 

I 7 ' 825 ] 

1] 

50 . 

. 17 820' 

51 • 

. 17-803 

52 

■ I 7-792 

53 

. 17-780 

‘54 - 

17 7O5 

‘55 

■ 17 755) 

5 fi 

■ 17-755 

Coal ,. 

. . = 

Watei in bomb = 

Water equivalent 

(Bomb 

370 

gms 

plus 

Water 

2130 

gnis) . 

.. = 


Va= +0-013 


10 gnis 


Corrections 
Radiation Correction 
(n-t) 


fi = +0 001 


Ignited 


= 2x0 


, 0*014 
013 + -—-^ 


= 0-026+0 007= 0'O33‘’C. 
True Rise of Temperature (R) 


Observed final temperature 
Observed initial ,, 

,, temperature rise 
Radiation correction 


Tine rise (R) 

Correction for Iron Wire 


°C 

= 

= 14-955 
= 2-870 
= 0-033 

= 2-903 


(I) 

= 8 ems 
= iiil 
= 8 ems 
= o - 0246 gm. 


2^00 gms. 

Total water equiv¬ 
alent (W) .. =2510 gm 

Calorific Value 
= {(RxW)-(A+I)} I 8 

B Th Us. 

= t(2-9O3X25io)-(30-36 + 
20 - 93 )} 1-8 
= (7286-60-3) 1-8 
= 13,006 B Th.Us. per lb 


Length of Wire . 

M .i >> uuburued 

I. ,> >. burned 

Weight of Wire „ 

Heat due to wire (I)= 1600 x 0-0246 
= 39 35 calories 

Acid Correction (A) 

Titration = 4-900 —NaOH solution 

Z 10 

= 0 02839 gm H^SOj 

HjS 04 determined gravimetncaUy=: 

0-0273 gm 

Remainder= HNOu 

o 00109 gms HjSOj 

49 ' 

= 0-001402 gms 

Heat due to S.= 0-0273 X755 

= 20-Or 

ti ,, N.= 0-001402 

X226-6= 0-32 


■Xo 00109 gm HNOa 
HNO« 


Acid Correction (A) 
21 


= 20-93 



Note oil Corrections to be applied 

(i) Radiation correction This is found from the followiiij^ 

formula:— (n —i) 

' " 2 


where n=fiiimber of minutes dunng which the temperature 
rises after finng 


flj=average change in temperature’) 
per minute after the maximum | 
has been attained 
l 3 =average change in temperature 
before firing J 


These have positive 
'■values for a tem- 
peiature fall. 


(2) Trne rise of temperature is found by adding the 
radiation correction to the observed nse of temperature. 


(3) Correction for iron wire The iron wire used to ignite 
the coal in the bomb is taken as having a calorific value 
of 1600 calories per gram This value, multiplied by the 
weight in grams of iron wire which has actiijilly burned, 
gives the correction which has to be deducted from the 
amount of heat produced 

(4) Acid correction. The acidity is calculated from the 
amount of caustic soda used, as sulphuric acid, but actually 
consists of nitnc acid as well. The amount of .sulphuric 
acid IS determined and deducted from the acidity all each' 
found and the difference is calculated as nitric acid by 
multipl3nug hy 

equivalent weight of nitric acid .. ^ ().] 

,, ,, ,, sulphunc acid qq 

When I gram of sulphur burns to sulphuric acud in the 
bomb it liberates 4,450 calories. Tn ordinary combustion 
the sulphur bums to sulphur dioxide, the heat of foniiatU)n 
of which is only 2,250 calories Hence the deduction to 
be made from the calorimeter detemiination is 1-^50 

2250=2200 calories per gram of suljihur or 

755 calories per gram of sulphuric acid 
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Similarly with nitiogeti, 1020 calories are produced by 
the combustion of one gram of nitrogen or = 


226 ’ 6 calories per gram, of nitric acid, and since this nitrogen 
IS not burned under ordinary conditions of combustion, 
the whole of the heat produced in the bomb by the oxida¬ 
tion of nitrogen has to be deducted 


(5) Calculation of calorific value. The total water 
equivalent of the bomb and calorimeter (W), multiplied by 
the true rise in temperature (R) is the total amount of 
heat given out by the combustion in the bomb. From 
this must be deducted the corrections for the iron wire 
burned and the acids formed, as explained above. This 
yields the calorific value lu calories This value must be 
multiplied by i 8 to obtain B Th.Us per pound. 

The authors wish to express their thanks to Mr A. 
Mc.Culloch. AlC and Mr. C G Wood. M Sc. (Tech.), 
A I.C. for help lu the preparation of certain parts of this 
bulletin. 
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PREFATORY NOTE 

This buUctht was prepared in order that members of 
the Reseanh Association should have at their disposal a 
biicf, but Lomprehensive, account of the principles undet- 
lying the problem of the stone dusting of mines. 

It IS thought that the infoimaiion may be of interest to 
others who have to deal with this subject, which affects 
not only the safety of mines, but the health of the miners. 

R^. A. BURROWS, 

President of the Laucashite and Cheshire 
Coal Rescaich Association 

Atherton ColUciics, 

Aiherion 



A CONTRlBUnON TO THE STUDY OF THE 


STONE DUSTING OF MINES 

(PART II) 

This bulletin has been prmiaiily prepared as a pr6cis of 
the considerations which have given rise to Government 
Regulations goveniing the Stone-dusting of Mines (No. 4> 
General Regulations made under the Coal Mines Act, 1911, 
and dated 30th Jul^^, 1920. SR & O, 1920, No. 1423, 
Part I, Section 62, and vS R. & 0 , 1921, Nos 200 and 201). 
It embraces woik carried out under the auspices of the 
Lancashire & Cheshire Coal Research Association with a 
view to detenniniiig the suitability of shales for stone-dust¬ 
ing, and methods of economising the time for grinding such 
shales to a requisite fineness of division. 

The concluding paragraphs of the Final Report of the 
Ro}^! Commission on Accidents in Mines (1886) states that: 

“ The observations recently made 111 Germany in some 
preliminary experiments, that a thin layer of fine angular 
sand strewn over mine dust appeared to have the effect of 
preventing the communication of flame from a blown-out 
shot to all but the most inflammable dusts is worthy of 
passing notice.*' 

Many investigators, amongst whom may be mentioned 
Dr W N and J B. Atkinson and Professor W Galloway, 
had already recognised the danger arising from coal dust, 
but it remained for the Mining Association of Great Britain, 
at the instigation of The Royal Commission on Mines in 
190S, to demonstrate definitely that, 

(1) Coal dust was explosive without the presence of 
inflammable gas (May 30th, 190S). 

(2) Dustless zones were ineffectual (June 15th, 190S). 

(3) vStone dust would extinguish an explosive flame 

Since this date many scientific and practical men have 
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studied, in this and other countries, the factors which con¬ 
tribute towards the liability of coal dust to form explosive 
mixtures when suspended m air, and the following have 
been more or less systematically examined * 

(a) Fineness of division of coal dust {b) Volatile content 
of coal dust. (b2) Presence of carbonates in coal dust and 
mine dust, (c) Moisture content of coal dust, (rf) Ash 
content of coal dust (e) Friability of coal (/) Quantity 
of coal dust, (g) Composition of the atmosphere in the 
mine (h) Air velocity of the pioneering wave preceding 
an initial explosion, (i) Composition of inert material. 
(;) Fineness of division of inert material. 

(fl) Fineyiess of division of coal dust. 

The fineness of division of the coal dust has a direct bear¬ 
ing upon its liability to form explosive mixtures. The 
more finely divided the dust the greater is the tendency 
of the resulting suspension in air to explode 
Bedson (Trans Inst Miu F, 1909-10, Vol 39, p. 719) gives 
the following table 

Fineness of Division of 
Coal Dust 

Over 1/120 mesh sieve 
1/120—1/150 mesh sieve 
1/150—1/200 mesh sieve 
Through 1/200 mesh sieve 

Cadman {ibid., p. 93) quotes the following figures 
showing the relationship existing between the degree of 
fineness and the temperature of ignition of suspensions of 
coal dust in air * 


Current required to 
inflame Dust and Air. 

... 12-0 amps 
• 10*5 „ 

... 10*25 » 

9*75 » 


Fineness of Dust 

i/ioo to 1/150 mesh sieve 
1/150 to i/iSo mesh sieve 
1/180 to 1/220 mesh sieve 
Through 1/220 mesh sieve 


Ignition Tompernture. AstlTsiSp”! 

2463° F. {1350° C.) 1-50 

1652° F. (900° C) 1-57 

1562° F. (860° C) rSo 

1362° F. (850° C.) 1-98 


Halbaum (Traiis.Inst.Min.E., 1909-10, Vol. 39, p. 72S) 
points out the effect of fineness of division of coal dust, by 
a consideration of the effect of the pulverisation of one 
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piece of coal upon the surface area of the coal exposed and 
consequently upon the exudation of occluded gas, from the 
“ pores of outlet or exudation,** as distinct fiom the pores 
within the solid piece of coal—by pores meaning the mole¬ 
cular interspace in the coal. Equally important is the 
production of absorbent surface and consequent " soaking 
up, so to speak,** of oxygen, and the production of heat 
thiough such rapid soaking up of oxygen. 

Halbnuni cxpiesses the opinion lhal, moderately judged, 
each inipaljiable particle of coal dust has a diametei less 
than 1/60,000 inch, and states : 

If the impalpable paiticle of coal dust be i/nth of an 
inch in diameter, and n=60,000, we have the information 
that the heating, exuding or absoibing surface presented 
by 10 lbs of impalpable coal dust is at least 11=60,000 
sq j^ds This surface is equal to the surface of a long-wall 
face 6 ft, high and 17 miles long ** 

In a discuSvSion on this papei it was suggested that dust 
particles were never finer than 1/10,000 incli diameter, but 
even if this be assumed 10 lbs. of coal dust have a surface 
of 10,000 sq. yds. 

(b) Volatile content of coal dust 

The proportion of volatile matter evolved when a coal is 
heated plays an important part in its sensitiveness to 
inflammation. Bedson (loc. cit.) quotes the following 
figures : 


Aii^/iciaUy Pulvcnstd Dn^fs 


Rntio Fixed 

■Ratio Fixed 

Relative 

Coal Moistuie 

Vol 

Fixed 

Ash 

Cnrbon to 

Carbon Ash 

Pressure of 

Matter 

Cnrbon 


Vol Matter 

to Vol, Matter 

Expb'sion 

I. T ^2 



0*04 

1 30 

1 * 5 ^ 

5 

2. 6‘o8 

38*22 

S2‘8=: 

2 - 8 c; 

t *38 

I 46 

6 

3 8 's 8 

31-89 

5778 

I -81 

I 81 

1-86 

2 

Naim all V Pulvetisid Dusi^ 


Ratio Fixed 

Ratio Fixed 

Relative 

Coni Moisture 

Vol 

Fixed 

Ash 

Cnrbon to 

Cnrbon & Ash 

Pressure cf 

M.atter 

Carbon 


Vol Mattel 

to Vol. Matter 

Fxplosion 

4. ro7 

27*49 

63-72 

772 

2 32 

2 

4 

5 5 2f) 

20*05 

42-22 

23 60 

MS 

2 27 


6. 5’oi 

CO 

00 

Cl 

37-08 

29*60 

I 30 

2'35 

15 


Substances which yielded a high percentage of inflani- 
inable compounds on heating were compared with coal for 
the same degree of fineness (1/200 mesh). 
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starch 

Sugar 

Flour 

Coal 


Current required 
ta inflame 

8 5 amps 
S ‘5 I, 

9 9 » 

II 5 « 


Vol Matter Ijy Prox *■' 
Assay Test 

97*9 per cent. 
91*4 » 

SS 7 „ 

aS'SS .. 


The seiibitiveness to inflammation shows a syvStematic 
gradation Iiom brown coal to anthracite, varying bioadly 
according to tlic peiccntage of the volatile matter picseiit. 
Ill this connection the influence of the volatile inattei is 
emphasised to a great degice by the following figuies 
winch correlate the pyridine exti'act, residue, and the 
original coal—” the extract comports itself like a brown 
coal and the residue behaves somewhat like anthracite.” 


Pjnridine exliact of coal 
Residue of coal 
Original coal ... 


Ratio—Pi\od Carbon to 
Vol Matter (cnlculatwl on 
dry, nsh-freo samples) 

... 0-66 
... 3*00 
.. 186 


Current 
In Amps 

10-5 

15*0 

11*5 


This brief outline of the probable influence of the volatile 
matter may be concluded b3’’ the statement emanating from 
the Lieven Testing vStation, J Taffanel (Tiaus Inst.Miii 15 ., 
igio-ii, Vol 40, p. 365), expressing the opinion that coal 
having a lower peicenlage of volatile matter tlinii ii per 
cent, may be considered to be relatively safe. 


(b2) Presence of Ca)bonates m coal dust and mine dnst. 

It has been shown that many coals may contain a high 
percentage of carbonates, and in ” The Detcrinimition of the 
Carbon Dioxide in Coal ” (Sinnatt and Hamson, Bulletin 7, 
Lane, dies Coal Res Ass) results are given showing that 
abnormal coals may evolve 6 to iS per cent of theii weight 
on tieatmeiit with acids Dining the ignition for the 
volatile matter test, the carbonates present undergo decom¬ 
position, and the carbon dioxide is evolved and lecordcd as 
volatile matter This is particiilailj" of interest in view of 
the vSRO, 1921, No arm, in which a pioccdiirc is pre¬ 
scribed for the determination of the amount of combustible 
matter in samples of mine dust which contain carbonates, 
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such i-egulatioiis being available to meet cases in which 
caibonates such as limestone are employed as an ineit 
material. 

It has been suggested that such dusts by virtue of the 
carbonic acid gas that they liberate when strongly heated 
should be particularly effective in preventing the ignition 
of coal dust. Large scale experiments caiTicd out by the 
Explosions 111 Mines Committee (6th Report, Cd 736S), page 
12, supplemented by laboratory experiments do not, how¬ 
ever, support this suggestion, and it is stated in this 
report that, ” it is true that a carbonate of which the 
tcmpeiature of decomposition is very low—such as sodium 
bicarbonate—is more effective than other incombustible 
dusts, whetlier on account of the carbonic acid gas evolved, 
or by reason of the steam simultaneously liberated it is 
difficult to decide But with the majoiity of the carbonates 
the decomposition temperatuie is too high, and the rate of 
evolution of caibou dioxide consequently too slow for them 
to peifoim any function other than that of * inert' 
materials ” 


(c) Moisture content of coal dust 

The moisture present in coal has a letardiiig action upon 
the liability of dusts to explode, and moistening the coal 
may be consideied in the same light as mixing it with 
stone dust Experiments earned out in America 
(Trans Inst Min E., igio-ii, Vol. 40, p. 36S) have proved that 
the presence of 30 per cent, of water in any bituminous coal 
dust lenders the dust piactically non-explosive Austrian 
expelimeiits (Collieiy Guardian, 1909, Vol. 98, page 635) 
quote the following figures . 


Fercentnge of MoisLure 
iM Cunl Dust. 

0-36 to i-o6 
4 05 to 6*0 

7-55 

10*17 


Length of Flame^resulting from 
Explosion of Suspension of 
Coal Dust in Air. 


220 yds. 

64 yds. 

No explosion took place 
No explosion took place 


The conclusions with regaid to the wetting of coal dust 
arrived at by the Explosions in Mines Committee (loc. cit, 
p. 15) aie stated as follows . 
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" Our experitaenis have shown that the wetting of coal 
dust lu -a gallery can be effected best by a fine mist of 
water which sinks into and is absorbed by the dust. Pure coal 
dust (coiiLaiiiiiig 5 per cent of ash) requires to be so wetted as 
to contain 10 per cent, of water throughout to prevent propa¬ 
gation of flame when 24 ozs of powder were fired into it. 
With coal dust wetted m situ it reqiuied an equal weight of 
water to be used in the form of fine mist to secure that 
the large flames produced (i) by the cannon and 5 lbs 
of dry coal dust and (2) by the explosion of coal gas and 
air through 150 ft. of the 3 ft. gallery, should not be propa¬ 
gated through the wet coal dust.'* 

And fuither, the maintenance of at least 30 per cent, of 
water in a state of intimate mixture with the dust thioughout 
the roads would prove effective in greatly minimising, if not 
preventing, explosions of coal dust.*’ 

At the same time it should be pointed out that it is 
extiemely difficult to so apply water to coal dust that the 
whole of the coal dust is thoioughly wet. This particularly 
applies in dealing with fusain, which has been shown 
to constitute 20-50 per cent, of mine dusts. 

(d) Ash contents of coal dust 

The ash present in coal has a retarding influence upon the 
liability of the dust to explode Hargcr (Trans.Inst Miii.B, 
1911-12, Vol. 43, p. 132) attempts to co-i elate the percentage 
of ash with the liability of the dust to explode with the 
following results : 


Current required lo ignite constant. 


Ash in screen dust 

, , 

. .. • 

10 4" 


Ash in dust from 
road (i) .. 

intake 

liaulage 

33*9 

- No ignition 

Ash in dust from 
road (2) . 

intake 

haulage 

19 * 5 - 


Ash in ,dust from 
lalxirafory 

coal prepared in 

1*3 

Ignition 


According to Sinnatt (Trans.Inst.Min.B., 1921, Vol. 62, 
pp. 156-171 and 172-179), screen dust and mine dust may 
contain from 20 to 50 per cent, of fusain. Consequently the’ 
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results obtained by Harger may possibly -xplaiq |4 as due 
to the non-explosive pi;»perties of fusaiu. 

In the experiments at the Austrian Experimental Station 
it has been shown that with dust containing 14 per cent, of 
ash explosions were easily produced, but as the ash content 
increased the violence of the explosion diminished, and when 
48 per cent was reached explosions were no longer produced 
The various peicentages of inert matter necessary to pi event 
a bituminous dust from forming explosive mixtures when 
suspended in air have been determined, and vary with the 
nature of the inert iniaterial employed. The 50 per cent, ash 
content stipulated in the Stone Dust Regulations has been 
chosen as a safety limit for all bituminous coal dusts, 
although it is stated (loc cit, p. 15) ” that the mainten¬ 
ance throughout the roads of such a proportion of incombust¬ 
ible dust in a state of fine division as would make a 
mixture yielding on incineration at least 50 per cent, of ash, 
would prove effective in very gieatly minimising if not pre¬ 
venting explosions of coal dust.” (At the same time it should 
be pointed out that according to the Austrian experiments 
the liniit of danger was not passed until the percentage of 
stone dust reached 57 per cent.) 

(e) Friability of coal. 

It is generally recognised that coals vary in their degree of 
friability, and if a measure of the relative friabilities of 
coals could be obtained a clear impression of the liabilit}^ 
of such coals to yield dust and consequently explosive 
mixtures could be gathered. 

Dr. R. V. Wheeler, in evidence before the Departmental 
Committee on Spontaneous Combustion of Coal in Mines 
(Minutes of Evidence, 33rd to 26th Days, Question No. 
13,013), discussing the effect of friability on spontaneous 
combustion stated : 

“ The relative friabilities were determined by putting a 
given weight of coal, all in the form of nuts of about 2 
inches cube, into a ball mill, with a certain weight of 
steel balls and grinding for a given period and finding how 
much dust was formed. It was a rough method, but it 
gave us relative figures for friabilities ” 

Experiments by one of us indicate that the method of 
determining the relative friability by grinding a certain 
Stone Dusting of Mhies} 9 
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weiglit of coal under absolutely standard conditions and 
companug the percentages passing through a 200’s mesli 
sieve with those obtained from other coals are not altogether 
to be depended upon 

(/) Quantity of coal dust. 

Experiments were made at The Lieviii Testing Station to 
determine the quantity of coal dust per unit of air space 
necessary to cause a dust explosion. The gallery in use was 
6 ft high, 5 ft wide, and some 500-600 yds long, and the pre¬ 
pared coal dust, containing 4 per cent of ash and 30 per cent, 
of volatile matter was reduced so that the whole would pass 
through a 200s. mesh sieve. A charge of gelatine-dynamite 
was fired from a cannon to cause the initial explosion in 
the gallery, and the experiments were earned out in still 
air It was found that 3 ozs of fine coal dust per cubic yard 
of space in the gallery was sufficient to cause a dust 
explosion in the entire absence of fire damp. 

Other investigators have shown that the quantity of coal 
dust necessary to cause an explosion when suspended in 
air is comparatively small, and it would appear, conse¬ 
quently, that endeavouring to keep mine roadways clear of 
coal dust IS useless as a sole preventative measure. At the 
same time, the emplo5nuent of dust proof tubs and the 
systematic cleaning of roadways is to be advocated in con¬ 
junction with efficient stone-dusting in view of the lelative 
quantities of coal dust and stone dust present in any one 
place in a roadway 

According to J Harger (Trans.Inst.Mm.E, 1911-12, Vol. 43, 
(g) Composition of the atmosplieix in the inivc. 
p 131) the composition of the atinospheie affects the 
liability of dusts to foimi explosive inixtuies An increase 
ip the percentage of ox3'-geu present in the air accelerated 
such liability and the converse is also true. The following 
table shows the results obtained by Harger . 


Oxygen. 

Per cent 

Nitrogen. 

Per cent 

Reniar]<s 

16 

84 ■ 

No ignition 

17 

83 

ft 

18 

82 

It 

18K . 

8 iy, ... 

Partial ignition 

19 

81 

Just full Ignition 
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Following Harger’s experiments tlie Explosions in Mines 
Committee (loc. cit.) determined the reduction of oxygen 
in air necessary to render methane and coal dust non- 
explosive. With regard to methane the results were as 
follows : 


Per cent. Oxygen Content 
of Atmosphere 

20-9 

19-4 

17*0 

I5*S 

14-8 

I 3 *S 

13*5 
13 2 

and under 


Lower Limit of 
Inflonimabilitj’-, per 
cent, of Methane. 

5-6 

5 - 8 
S8 
5’9 

6 - 1 
6-4 

6-5 

mixture is capable of 


Upper Limit of 
Inflammability, per 
cent ol Methane 

14 S 
I2'9 
10*5 
S -9 

S3 

7*3 

68 

propagating flame 



Above the limit of 13-25 per cent, of oxygen, an explosion 
of methane in .such air is still possible, provided the right 
quantity of methane is present to produce it. But when 
the proportion of oxygen has been reduced to 17 per cent., a 
reduction that is not, we believe, desirable 111 oir which men 
and animals have to work in, any admixture of methane 
between the limits of 5 S pei cent and io'5 per cent is still 
explosive 

With legard to coal dust, caiiying out a seiies of exp)eri- 
ments in a spherical bomb, “ it was found that explosions 
which developed pressure ainoiiiitiiig to 90 lbs i:)er sq. inch 
were leadily obtained from Silks tone coal dust in air con¬ 
taining 19 per cent., iS per cent,, and 17*5 per cent of oxygen 
No ignition could be obtained undei the conditions of the 
expel iiiients when the air contained only 17-1 of oxygen. 
When, however, the atmosphere also contained 2 per cent, 
of methane, the oxygen had to be reduced to 16 per cent, 
before it became impossible to ignite the mixture ” 

(h) Air velocity of pioneering wave preceding an initial 
explosion. 

A distinct factor in the problem is the degree of disturbance 
caused in the coal dust and stone dust by the current of 
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air pioduccd by tlie explosion passing tlirougli tlie galleries 
(pioneering wave), and Garfoiili (Tiaus lust. Min U , 1912-13, 
Vol. 45, p. 572) stated that a velocity of less than 1,500 feet 
per minute did not disturb ordinal y dry coal dust, but at 
a gi eater rate the coal dust was raised and earned away as 
a cloud Stone dust was not distiiibed until a velocity of 
2,600 feet pci minute (29 5 miles per hour) has been reached, 
when it was cairied away by the air current as a cloud. In 
the Altoft’s experimental gallery one of the lowest velocities 
recoided as the speed at which an explosion travelled was 
120 miles pel hour, or 4 times faster than the air curient 
which would laise iDoth coal dust and stone dust as a cloud. 
The latc of travel of the moie violent explosions was 300 
miles per lioui, and in one particular experiment 1,300 miles 
per hour was reached. 

From the above it would appeal that the whole of the 
stone dust present would be raised as a cloud by the pre¬ 
wave of the explosion and the explosion would be stopped 
01 considerably modified piovided the peiceutage of stone 
dust was not less than that required by the Government 
Regulations, even if subsequent la3^ers of coal dust over¬ 
lay to some extent the layers of stone dust already laid 
down 

(/) Cowpositlon 0} inert inatcriaL 

In view of the fact that dusts of widely dilTerent composition 
aie being oITeicd as suitable substitutes for stone dust, eg, 
Chance's mud, waste cement, etc, the investigation earned 
out by A S Blatchfoid on “ The Influence of Incombustible 
Substances on Coal Dust F^xplosions (Traiis.Inst Min.E, 
Vol. 51, 1915-lb, p. 369) IS of interest. Coal dusts ground 
so that the whole passed thiongh a loo’s mesh sieve weie 
employed and mixed with various agents, pulveiised to as 
fine a state of divivSion a.s possible, as quenching materials 
or coal dust diliitcnts. 

The following tabic .shows the least peiceutage of quench¬ 
ing material 111 the inixtiiies which prevented an explosion, 
in a specially designed apparatus. 
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Coal. A B C D 

Boiler Ashes . ... 57 50 47 58—60 

Quicklime . , .50 45 4^—44 55 

Ground Shale . ... 43 37 35 46 

Chance's Mud . 38—40 30—33 29—30 39—40 

Gji^psum ... ... 33—35 ^26—28 26 35 

Magnesia^ .. 28—30 28 25—26 32—33 

Anhydrous sodium carbonate 12—13 10+ 12 15 

Soda cr3’-stals (5HaO) . 10 10- 9+ ii 

Soda bicarbonate * ... 9—10 7 7 8— 

Glauber salts (6HaO) ... 8 8 7- 8-^ 

Blatchford recognises that the evolution of carbon dioxide 
from a quenching material has but a small influence upon 
the explosive character of the mixture, and concludes that the 
difference lu behaviour between these compounds is most satis¬ 
factorily explained on the hypothesis that the specific heat of 
the quenching material is the imporant factor in its efficiency 

(;) Fineness of division of inert material. 

From a consideration of the effect of the fineness of division 
of the coal dust upon its liability to form an explosive 
niixtuie when suspended in air (p. 4), it will be readily 
recognised that the finer the division of the material the 
more efficient is such matenal as a coal dust dilutent Prob¬ 
ably such inert material is effective by virtue of the cooling 
effect exerted by each particle, and is directly dependent 
upon the surface firea of the inert matenal exposed. 

The Explosions in Mines Committee (loc. cit) give the 
following results illustrative of the point 

We have made comparative experiments with the 
following materials of different degrees of fineness, using 
coal dust of the same degree of fineness m each expenmeut 
(namely, such that the whole passed through a safety-lamp 
gauze, and about 70 per cent, through a 200x200 sieve) : 


(I) 

Material. 

Sand 

Percentage by Weight that pa.ssed through . 
98 X 98 Steve. 900 x 900 Sieve. 

. 99 •• 4 

(3) 

Altoft's shale 

... 65 

18 

( 3 ) 

Flue dust 

. 90 

31 

( 4 ) 

Dolomite dust (“ 

fine") .. 68 

42 

( 5 ) 

Altoft’s shale 

(regrouiid) 98 

55 

(6) Dolomite dust 
fine ") 

Stone Dusting of Mines] 
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. 96 

66 
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The materials numbered 5 and 6 on the list weic effective 
in preventing the propagation of the flame from a cannon 
shot when mixed with the coal dust in the proportion of 
1:1. Of either the materials numbered (3) und (4) 
of coal dust was required • of Altoft^s shale (2) 2:1 of coal 
dust was necessary, whilst Ihiec paits of sand to one of 
coal dust was not found to be sufficient.** 
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EXAMINATION OF SHALES TO DETERMINE THEIR 
SUITABILITY FOR STONE DUSTING 


The question of the suitability of a shale for conversion 
into stone dust is decided maiuly by the quantity of organic 
matter present in the shale and by the physiological effect 
the shale may have upon the workeis in the pit. 

Methods for the chemical analysis of shale aie described 
below, namel}^ (i) Total analysis and (2) rational analysis. 

No accurate method of detcrnuiiiiig quantitatively the 
flee quartz in shale is available, and refeieuce is made to 
the microscopical examination on page 20. 

(a) Total A^talysis, 

It is not proposed to describe in detail the chemical analysis 
of shale as it can be found in most text books on chemical 
analysis (e.g., Melloi, " Methods of Chemical Analysis 
Briefly shale is treated 111 the following manner : 

The finely pulvensed shale is mixed with a fusion mixture 
of sodium and potassium carbonates, and ignited in a 
platinum ciucible When the ignition is complete the fused 
mass is washed from the ciucible and treated with hydro¬ 
chloric acid The liquid is then evaporated to dryness, and 
the lesidue finally heated to iio*^ C. for one hour The mass 
so obtained is treated with dilute hydrochloric acid, and the 
silica which is thus separated is removed by filtration. 
After washing thoroughly the silica is treated in the usual 
manner, and the amount detemiined. The filtrate is diluted 
to a known volume, and the iion and aluminium, manganese 
calcium, and magnesium dcteimined in an aliquot portion. 
The sulphur trioxide is determined in a separate portion. 
If it is necessary to determine the sodium and potassium a 
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fresli sample of the shale is fused with calcium carbonate 
or pure lime (haureuce Smith’s method). 

Moisture. 

Oue gram of the finely pulveiised shale is spread finely 
over a watch glass or shallow flat-bottomed dish, and healed 
in an air oven for one hour at 105° C. It is covered and 
transferred to a desiccator and allowed to cool. It is then 
re-weighed, and the loss represents the moisture in the 
shale 

Loss on Ignition. 

About one gimii of finely pulveiised shale is weighed into a 
silica dish and heated in a muffie at about Soo® C. in such a 
manner that it does not come into contact with the products 
of combustion of the gas. It is allowed to remain in the 
muflie for about an hour It is tlien removed to a desiccator, 
allowed to cool, and re-weighed. The loss in weight is 
hygroscopic water, combined water, carbon dioxide, and 
organic matter There may be a slight gain due to the 
oxidation of any sulphur which may be pre.seiit. 

Carbon Dioxide. 

The percentage of caiboii dioxide 111 shales is generally 
relatively small, but as it is a factoi which influencCvS the 
loss on ignition the determination is of some value. The 
method described in the Deteimination of the Carbon 
Dioxide in Coal (Sinnatt and Hainson, Bulletin 7, Dane, 
dies. Coal Res Assoc) is considered to be the most con¬ 
venient one for the purpose. Apparatus of the type of 
Schrotter yields iiiaccuiate results, as the amount of carbon 
dioxide seldom exceeds 5 per cent C)ii the othci hand, 
certain dusts ollered as substitutes foi shtilc dust contain 
about 40 per cent, of carbon dioxide, and in such a case 
apparatus of the Schrotter type may be employed. 

Rational Analysts. 

(Extract from Technical Methods of Chemical Analysis, 
G, Lunge and C. A. Keane, Vol i, Part 2, p. 587.) 

“ About 5 grams of shale, diied at 120° C., covered with 
50 cc. of water in a platinum or porcelain di.sli of about 
250 c.c. capacity, and the shale thoroughly disseminated 
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by stirring witli a glass rod or thick platinum wire. 50 c c. 
of coucciitiated sulphuric acid aie then added, and the whole 
again mixed The dish is then covcied with a^ clock glass, 
heated over the free flame until its contents boil, and the 
heating continued until the sulphuiic acid fumes stiongly. 
The contents of the dish are then allowed to cool, diluted 
witli water, and stiiied after a short time the supernatant 
liquid becomes clear enough to be filtered off. The residue 
IS moistened with liydrochloiic acid, water added, and after 
stilling, the dish placed on the water bath and wanned for 
about fifteen niinutcs the siii>eiiiatant liquid is then filteied 
o(T, and any solid matter winch may have passed on to the 
filter, washed back into the dish. This treatment is con- 
tiiiuecl so long as the lesidue colouis the hydrochloric acid 
poured on to it (i.e., until the iron has been extracted] The 
residue is then transleiied to the filtei, thoroughly washed 
with hot watci, then washed back into the dish, and the 
contained liquid diluted to 250 c c Crystallised sodiniii 
carbonate is then added in the proportion of 10 grams per 100 
c c of liquid, the dish wanned on tbe water bath from one 
to two minutes, and then one gTam of sodium hydroxide 
added for every 100 c c of liquid. After one or two minutes 
the liquid begins to clear, whereupon the dish is taken from 
the water bath, and the supernatant clear liquids decanted 
through a filter. This tixiatment with alkali soilutiou must 
be rei>eated several tunes to make certain that the silica 
liberated by the acid tieatment is completely dissolved. 
Finally the residue still left is transfened to the fillei and 
llioroiighly washed with water coiitaming alcohol, or with 
dilute ammonia 

The Ignited and weighed icsidue represents the amount of 
quartz and felspar jiresent. To estimate each of these con¬ 
stituents separately, the residue must be tieated with hydro¬ 
chloric acid and with ammonia fluoride, and the alumina 
111 the decomposed mass estimated. The amount of alumina 
found multiplied by 5 41 gives the amount of felspar present. 
The difference between this and the total residue corresponds 
to the amount of quartz present, providied the residue 
contains no mica or similar mineral detritus ** 

The following are some t3rpical analyses of shales being 
used at present for conversion into stone dust. The shales 
have been analysed and also examined microscopically : they 
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are considered to be typical examples of shale fiee from 
relatively large crytals of quartz and liaviug a builable 
composition for stone dusting- At the present stage of our 
knowledge they may be considered as fiec from any 
deleterious effect upon the health of any human being when 
inhaled. 


Shale No . I. 

Per cent Cotnposition 

Silica 

... 6005 

Feme oxide 

5 

Alumina 

... 30’65 

Calcium oxide 

. . 3-13 

Magnesium oxide ... 

... i'y 9 

Sulphur trioxide ... 

. . trace 

Carbon dioxide 

... 

Water 

... 0*99 

Oiganic matter and combined water 

7*00 

Alkalis and loss 

0*63 


100*00 

Shale No 2. 


Silica 

.. 61-13 

Feme oxide 

384 

Alumina ... 

25-15 

Calcium oxide 

. nil. 

Magnesium oxide . . 

... 1-49 

Sulphur trioxide . 

truce 

Carbon dioxide 

it 

Water 

i '35 

Organic matter and combined water 

b*i2 

Alkalis and loss ... 

... 0*92 


100*00 


Shale No. 3. 


Silica 

. 55-41 

Feme oxide 

2*96 

Alumina 

... 27*11 
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Per cent. Composition 


Calcium oxide 

0 60 

Magnesium oxide ... 

I 65 

Sulphur trioxide ... 

... 0-26 

Water 

370 

Organic matter and combined water 

• 7 36 

Alkalis, etc, and loss 

• 1-95 


100 00 


Shale No. 4 

Silica - . . 56 91 

Fen-ic oxide . . . 2*80 

Alumina . .. . ..2635 

Calcium oxide . . o 42 

Magnesium oxide . i 17 

Sulphur trioxide .. . . . . 0-69 

Water ... . 2 04 

Organic matter and combined water 6 23 

Alkalis, etc, and loss .. . . . . 3*39 


100 00 


Stone Dust in use at Bentley Colliery (Robert Clive m 
“ vStoiie dusting at Bentley Collieries,^* Trans Inst Min E , 


1914, Vol 47, p. 53) 




Per cent Composition 

vSilica 

. . 5S0 


Ferric oxide 

70 


Alumina 

i6'0 


Magnesium oxide 

2 0 


Carbon dioxide 

.. 15] 

Vol matters 12 5 

Water 

109 

• silica non-crystal- 

Combustible 

.. o-i 

line as hydrated 

Undetermined 

•• 4 5 

silica. 


100 o 
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stone Dust used in Ainerican Coal Dust Experiments 
(G. S. Rice, Trans Inst Min.E., 1914-15, Vol 49, p. 721. 
Analyst, A. C. Fieldner). 



Per cent. Composition 

Silica 

50*37 


Alumina 

... 22*43 


Feme oxide 

... 12 01 


Calcium oxide 

I 90 


Magnesium oxide 

2 06 


Sulphur 

... 0*03 


Carbon dioxide 

0-82' 


Organic carbon 

. . 0-39 

Loss on 

Organic hydrogen 

0-27 

Water 

1-78 

Ignition. 

Water of composition .. 

5-64] 


Alkalis by difference .. 

2*30 

100*00 



AltofVs Colliery Pit Shale (5tli Report Explosions in Mines 
Committee). 


Silica 

Titanium oxide 
Alumina 
Ferric oxide 
Manganese oxide 
Calcium oxide 
Magnesium oxide 
Potash 
Soda 

Sulphur trioxide 
Carbon dioxide 
Carbonaceous matter 
Combustible matter 
Water 


Per cent. Composition 

• • 51*92 

o S7 
20-oS 
6-40 
0 05 

057 
... 156 

23*72 

0S6 

0*32 

244 

4*42 

•• 7*75 


In the first report of the Explosions in Mines Committee 
(Cd. 6307) will be found an appendix by James M, Beattie, 
M.A, in which a study has been made of the effects of the 
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inhalation of certain dusts upon the lungs of guinea-pigs, 
and Irotn a microscopic study of the lung tissue the follow¬ 
ing conclusions are drawn . 

(1) “ That the eftects produced in the lungs of guinea- 
pigs which have been exposed to the inhalation of 
dust correspond with those produced in man. 

(2) That the effects produced vaiy with the time of 
exposure, and particularly with the quantity and 
quality of the dust which is inhaled 

That the inhalation of such stone dusts as are rich 111 
silica seems particulaily injiuious ” 

The opinion which is generally held with regard to the 
effect of stone dust upon the fibious tissue of the lung is 
that this effect depends upon tlie natuie of the silica present 
111 the shale. Free silica or quartz on pulverisation splits 
up into acicular (sharp edged) particles, whereas the second 
type of silica which is present m shales is present in a 
colloidal form which is so dispersed that it cannot be 
identified in the matrix of the shale. 

The shales which contain on pulverisation angular 
particles are those which are detrimental and are 
responsible for the irritation and iiijunous effects upon the 
lungs 

It is only by a microscopical examination of the shales 
that it is possible to determine the condition m which the 
silica in the shale is present. 

Microscopical Examination 0/ ShalcSj by J R. Lomax. 

The coal-measure shales are derived from sediment which 
has been laid down in watei of model ate depth. They may 
be divided into two classes : 

L Laminated shales which show a tendency to split into 
slabs parallel to the bedding plane. This may be due to 
tine mechanical rearrangement of the particles forming the 
rock, 01 the production of secondary micaceous matter which 
would facilitate the splitting 

IL Mudstones which are simply clays which have been 
hardened by dr5dng and coanpiession and which show no 
fissile stiucture. 

The particles of the two classes are essentially the same, 
the only diffeieiicc being in the state of division of the 
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materi * which often renders their separation ajiS d^e^^iua- 
tion a matter of some difficulty. 

There is no doubt, as will be seen from the chemical 
analyses which are given, that silica is the chief constituent 
of all shales and mudstones. Felspar is fiequeiitly present, 
but is often replaced by decomposition products. Micas, 
both muscovite and biotite, are present ns primary con¬ 
stituents, but a large proportion of the iniisco\dte is of 
secondary origin. Other minerals such as limonite, pyrites, 


calcite, etc., may be present, but they are all of secoiidai}' 
origin. Carbonaceous matter is often present in the form of 


fragmentary plant impressions. 

For our purpose the mmeralogical constituents of a shale 
may be divided into : 


(a) Silica 

(b) Alumina. 

vSilica IS present in most shales in two foims : 

I. As '' free silica ” or quartz grains. 

II. In a colloidal form, being dispersed throughout the 
aluiniuous matter, forming a heterogeneous mass in which 
individual particles cannot be identified. 

Petrographic examination of the shales is strongly recom¬ 
mended as the most satisfactory method by winch it is 
possible to cleteiiniiie the quantity of " free silica ” present. 
Under polarised light quartz grains are cleaily visible, 
whilst silica lu a colloidal form, winch is really the clay 
base, polarises only slightly in a faint sjieckly manner. 

The microscopical examination of the dusts made from 
various shales shows that if the shale contains a fairly high 
content of quartz grams, the dust is of an angular or 
acicular character. But if the coiistitueuts of the shale aie 


of a finely divided character the dust is of a flaky nature, 
which is what is required for effective stone-dusting. 

The six illustrations which are given are as follows : 

I. Inferior shale showing numerous quartz giains 
embedded in a fine matrix. The triangular crystal in 
the centre is pyrites. (Not suitable.) 

3. Mudstone showing the finely divided character of the 
constituents. (Suitable for stoue dust.) 

3. Inferior shale from the Middle coal-nieastiies of 


Lancashire showing numerous small quartz grains. 
(Not suitable.) 
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Photomicrographs of Shale^*5^nd Dusts 

f Polarised Light) 

1 



2 



(1) Inferior Shale 
( 2j Mudstone 

M) />;«»» ) 


f Ar,f, 




Photomicrographs of Shales ickd Dusts 
(Polansed Light) 



(3) Inferior Shale 

(4) Dust from Inferior Siialf 


/ 1 / 


rk • 





Photomicrographs of ShalesZInd Dusts 

CPolarised Light) 


5 



(5) Shale Suitable for Stone Dust 

(6) Dust prepared from above Shale 



4 Dust made from No 3 showing the angular quartz 

grams. 

5 Good shale from the Middle coal-measures of Lanca¬ 

shire The silica contained in this shale is wholly of 
a colloidal character. The black streaks are frag¬ 
mentary plant impiessions (carbonaceous matter) 

6 Dust from No 5, this shows the flaky nature of the 

particles 

All photographs are taken under polarised light with a 
magnification of 40 diameters. 
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SUBSTITUTES TOR STONE DUSTS 


The following materials have been submitted ns sub¬ 
stitutes for stone dusts : 

Cement Works Stone Dust Substiitite, 


Silica 


I’er cent Composmon 

• 56‘99 

Ferric oxide 

... 

4’39 

Alumina 


... 21-41 

Calcium oxide 

... . 

. 2-6o 

Magnesium oxide 


2*09 

Sulphur trioxide . . 

■ • • < • 

i-Sg 

Carbon dioxide . . 


. nil 

Water 

.. 

0-54 

Alkalis and loss . . 

... 

■ 3'48 

Organic matter and combined water 

... 6‘6i 


TOO 00 


Chancels Mud (Stone dust substitute) 

Iron 

0-79 

Sulphide sulphur ... 

0-13 

Total sulphur 

094 

Water 

... 5 47 

Loss oil ignition ... 

45 -oS 


The Wcatherhig of Shale (Sinnatt and Grounds unpublished 
work), 

With a view to increasing the efficiency of the plant for 
the grinding of shale, and also to determine whether the 
shale dust can be modified in form, experiments were carried 
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out to deteimine the effect of the influeuce of weathering 
upon certain shales. It is well known that on exposure to 
the abiiospliere shale splits up into laminated shapes, and 
that this degradation continues the longer the shale is 
exposed to the air The action depends upon the absorp¬ 
tion and expulsion of moisture, and is known to have the 
maximum effect during the winter and aiituinii of the year. 
The experiments, which covered a period of some months, 
were sufficient to show that if the shale is allowed to 
weather for a certain length of time great economy is 
effected ni the gi Hiding of the material It would appear 
that by allowing the material to weather it is possible to 
obtain fine stone dust in a form which has different physical 
characteristics than when the material is simply ground 
without weathering. The stone dust made from the 
weatheied materials appears to be spherical in shape, 
wlieieas when it is pulverised from the lump it tends to be 
more angular and flaky In view of the evidence suggesting 
that dust having an angular sharp edge tends to increase 
the liability to disease among the workers, it would appear 
that weathering pievious to grinding would be desirable. 
Further experiments reveal the fact that if shale is sub¬ 
mitted to artificial weathering (i.e., alternate heating and 
cooling) the degiadation takes place iniicli more rapidly. 
The following is a brief outline of the expeiinieiits which 
weie carried ont: 

A kilogram of fine stone was prepared of i/io to 1/4 inch 
mesh sieve by breaking down large pieces of a typical sample 
of shale. This shale was received about three days after 
being mined, and was prevented fioni coming into contact 
with the air in which the expeliments were commenced The 
kilogi'am of stone was thoroughly sieved, freed from finer 
material than i/io inch mesh, and nine average portions (100 
grams weight each) of the inateiial were weighed out into 
glass dishes of inches diameter. In this way a very thin 
layer of shale was obtained. The di.slies were exposed to the 
outside atmosphere, but protected from dust and rain for 
three, six, and up to twenty-four days. A sieving test and 
determination of moisture was carried out on each sample 
before and after grinding. The results of the trials are as 
follows : 
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Before grinding. 


Days 

Expo< 

sure. 

Rem on 
i/io 
Sieve. 

Rem on 

Rem. on 

Rem on 

Rem. on 



1/30 

(through 

1/60 

(through 

1/30) 

i/go 

^through 

1/60) 

i/aoo 

(through 

I/go) 

Through 

1/200 

Moisture 


Per cent 

Per cent. 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent. 

3 

97*2 

2 0 

(1 2 

0 I 

0 I 

0^ 

1 33 

6 

970 

19 

0 2 

0 I 

0 2 

()*6 

I 67 

9 

96 8 


0 2 

0 2 

0 2 

‘'Z 

I 98 

12 

970 

I 8 

03 

0 I 

0 2 

0 0 

I 64 

15 

989 

oS 

0 I 

nil 

0 I 

0 1 

1*77 

18 

958 

2 2 

04 

05 

0*2 

09 

I ’52 

21 

92 2 

35 

0*6 

0*4 

06 

08 

1*9 

After grinding 1 hour and 20 

imiiutes til hall 

VI ill. 


Days 

Kern on 

Rem on 

Rem, on 

Rem on 

Rem. on 

Through 


Expo 

i/io 

1/30 

t / 6 o 

i/qo 

1/300 

sieve 

11200 

Moisture 

sure 

Sieve. 

Sieve, 

Sieve 

Sieve. 

Sieve. 



Per cent. 

Per cent. 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent. 

3 

8338 

9 43 

I 70 

I 00 

08 

I 7 


6 

8033 

9 IS 

I 60 

0 70 

OS 

I 7 


9 


7 15 

I 95 

I 55 

2 40 

5 60 


12 

7885 

II 75 

2 70 

I 60 

2 0 

5 I 


IS 

< 5 S 7 

SO 

2 2 

I 5 

85 

19 I 


18 

60 85 

89 

2 15 

2 8 

SO 

205 


21 

60 1 

365 

I 25 

24 

5‘5 

27 I 


27 

544 

42 

I 5 

30 

6 0 

309 



A further portion of loo grams was placed in a hot air 
oven, and heated to 105° C for one hour, cooled for one hour, 
and alternately heated and cooled in this manner Ihiee 
times. The results of this treatment are shown below * 


Rem on 

Rem on 

Rem on 

Rem on 

Rem on 

Through 

i/io 

1/30 

1/60 

1/90 

1/200 

1/200 

Per cent 

Per cent 

Fei cent 

Per cent 

Per cent. 

Per cent. 

7003 

56 

I 2 

2 93 

50 

152 


The mechanical details of the trial aie as follows : 
Grinding surface=i,oSo inches per minute (slipping, 
pounding, and rolling) 

Charge=5oo grains nvet puiicliings (cylindrical, 0 65 inch 
diameter, 0*30 inch thick). 

No of punchings per charge=45 

Total grinding time=6o minutes, at no revs, per minute. 
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From the results obtained by alternately heating and 
cooling the crude stone, it will be seen that in six hours 
the quantity of fine dust passing through a 1/200 mesh 
sieve IS approximately the same as that produced after 
14 days weathering. Thus, the gniidability of a stone may 
be greatly accelerated by exposure to alternate heat and 
cold, contrasted with the slow effect pioduced by natural 
weathering. 

The authors wish to express their thanks to Miss H. 
Greenleaves, for help during the preparation of this bulletin, 
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PREFATORY NOTE 


The Lancashire and Cheshire Research Association has for 
some time been engaged upon the study of the spontaneous 
Ignition of coal as it applies to the seams in the Lancashire 
Coalfield and, in view of the great differences of opinion 
upon its fundamental causes, it has been felt that various 
factors in connection with the coal seams should be 
investigated. 

In Bulletin 5, Coal Dust and Fusain/' and Bulletin 8, 

The Inorganic Constituents of Coal,'' certain phases of 
the problem weie exomined; the present biilletm contains 
still another stage of the work, and consists of an examina¬ 
tion of various forms of pyrites which have been 
encountered. It is hopi’d that at a latei date it will be 
possible to publish the results of the muroscopical cxamina- 
tion of many samples of pyrites as carried out by Mr. J. 
Lomax in association with the present investigation. 

The prevention of gob fires and the spontaneous ignition 
of coal, either in the coal store or in the holds of ships, 
would be of the very greatest benefit to the coal industry, 
and the report of the enquiry published by ihe Mines Com¬ 
mittee {Departmental Committee on Spontaneous Combus¬ 
tion of Coal in Mines) only emphasises ihe great necessity^ 
for further investigations of the problem. 



the inorganic constituents of coal 

PART III 

THE CHEMICAL COMPOSITION OF 

IRON PYRITES FROM COAL 

The present bulletin contains a description of a continua¬ 
tion of the investigation of the inorganic constituents of 
coaly and deals mainly with the chemical composition of 
various forms of pyrites which have been enctountered. 

The first publication on the subject dealt with the white 
partings (ankerites) which are an ingredient of most coal 
seatus (Sinnatt, Bailey and Grounds. Bull. 8, X,anc. Ches. 
Coal Res. Ass). In a second communication (Sinnatt and 
Simpkin. J.Soc.Chem.Ind., 1922, XLI., pp. 164T-167T) the 
various forms in which iron is present m coal were 
described, and in two contributions to the discussion on 
Mr. Cecil Newton*s paper on “ Heating of the Goaf and 
the Steps taken in Conjunction therewith at Chanters 
Colliery'* (Trans Inst Min Kng., 1922, XLII., p. 261) an 
investigation of the forms in which the iron was present 
in the material which heated in the goaf was described. 

In view of the fact that the whole of the literature on the 
subject of pyrites was reviewed, it was felt desirable to 
include a bibliography of the chief papers dealing with the 
chemical aspect of the subject. 

An exhaustive enquiry into the problem of the spon¬ 
taneous combustion of coal in mines has been made by the 
Committee on the Spontaneous Combustion of Coal, and it 
is not considered desirable, therefore, to attempt to associate 
the results included in this bulletin with the subject of the 
spontaneous ignition of coal. 
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In the evidence taken before the above Committee there 
appears to be a g^eneral assumption that only two minerals 
containing iron and sulphur can exist in coalj viz., iron 
pyrites and marcasite. The two compounds are discussed 
as the only possible alternatives whilst definite chemical 
properties in relation to their mode of oxidation are assigned 
to each. Although the values given in this bulletin cannot 
be considered as sufficient to warrant broad generalisations, 
nevertheless they indicate that p3n:ites in coal is always 
associated with a considerable proportion of mineral matter, 
and that the speafic gravity of the coal pyrites may differ 
considerably from ordinary p3n:ites. The inorganic matter 
associated with coal pyrites generally contains amongst 
other constituents iron carbonate (one specimen was found 
to contain 787 per cent, ferrous carbonate), the iron being 
present in the ferrous condition. Such a compound might 
undergo rapid oxidation, and its presence may account for 
the great readiness with which certain types of pyrites are 
known to oxidise 

The ankerlles present in cool (see p 14) also contain iron 
in the ferrous condition, andj rapidly oxidise, especially in 
the presence of moisture and carbon dioxide. 

i^periments have been carried out upon the rale at which 
different specimens of ankerite will undergo oxidation. 
These results will be published at a later date, but it may 
be stated that certain specimens have been found to undergo 
oxidation much more readily than others 

It would seem that coal pyrites frequently contains a 
small percentage of the same constituents as the ankerites, 
but that the proportiou of ferrous iron present in the 
pyrites is greater, in relation to the other constituents, than 
is found in the ankerites. 

It is desirable to state at this point that the work is 
being continued, and that reservation is placed upon inves¬ 
tigations which deal with the rate of oxidation of different 
types of coal pyrites and ankerites. 

Description of Iron Pyrites and Marcasite. 

Iron disulphide (FeS,) occurs in nature in two isomeric 
crystalline forms, namely as p5n:ites and as marcasite. 
The ^o varieties exhibit differences in physical and 
chemical properties. 
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Iron Pyrites, 

Iiou I’yntes (FeS,) occuts in the cubic and pyritohedral 
lonn, the faces of the cubes being frequently striated. It 
IS found 111 massive formation, but also exists in granular 
renifoim and fibrous forms. As a rule it is hard but 
brittle, breaking with a conohoidal fracture, and varies in 
colour from a bronze yellow to a pale brass yellow • 
spccinicns which have undergone superficial oxidation 
exhibit many shades of bronze, yellow, green, etc. Accord¬ 
ing to E!- S. Dana (Textbook of Mineralogy) pyntes readily 
changes superficially to limomte (a hydrated, oxide of iron 
®FeaO,.3U,0). This action proceeds throughout the mass 
in the presence of bicarbonate of lime, the latter neutral¬ 
ising any sulphuric acid produced by the oxidation of 
the pyrites, the lunonite may be finally converted into 
oxide of iron FeaOa. 


Tlie specific gravity of p3rrites varies somewtat according 
to different authorities, and the following are the values 
quoted : 

Specific Gravity (Dana) ... . . 496-5-10 

jj M (Moses and Parsons) . 4-90-5* 20 


Marcasite, 

This mineral, identical with pyrites in chemical composi¬ 
tion, occurs as tabular crystals (orthorhombic system) which 
frequently exhibit twinning. The crystals are paler in 
colour than p3n:ites. It is stated to undergo oxidation 
more readily than pyntes, the surface deepenmg in colour 
even after a few hours’ exposure to the air. Many varieties 
liave been described, and the following terms are found in 
the literature : 

''Radiated,” "Cockscomb,” "Spear,” "Twin,” and 
" Capillary ” pyrites. 

Its specific gravity is as follows : 

Specific Gravity (Dana) .4-65-490 

„ „ (Moses and Par.sons) .* 4* 60-4-90 


Distinction between Pyrites and Marcasite, 

Owing to the fact that pyrites and marcasite resemble one 
another so closely, it is difficult to distinguish them either 
by appearance, crystalline form or specific gravity. Many 
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atteiQpts have been made to estimate the two forms of 
iron disulphide in a mixture, and a method described by 
H. N. Stokes (U.S. Geol. Survey, Bull i86, 1901) may be' 
cited as typical. This process depends upon the fact that 
when pyrites or marcasite is heated with an excess of a 
solution of a feme salt the latter is completely reduced. 
The ratio of the sulphur oxidised to mineral decomposed, 
is definite and characteristic of each of the minerals, 
provided certain standard conditions have been established. 

Owmg to the large amount of extraneous matter asso¬ 
ciated with the specimens of pyrites examined by the 
authors, it was not found possible to apply the work of 
Stokes to the difierent specimens as the presence of 
extraneous substances influences the course of the reaction. 


IRON PYRITES IN COAL 

Many difierent t3rpes of iron disulphide occur in coal, vary¬ 
ing both in physical appearance and chemical composition ; 
certain specimens are extremely hard, crystalline and 
bright in colour, whilst others are soft, non-crystalline and 
difficult to distingmsh from the coal substance. 

This marked variation in the mode of occurrence of iron 
disulphide would point to the fact that certain varieties 
may be more prone to oxidation than others. 

Although the literature contains many references to 
P3rrites in coal in relation to its effect upon (a) spontaneous 
combustion, (b) the ash derived from the coal, and (c) its 
removal and recovery from the coal substance, little has 
been published upon the actual chemical composition and 
properties of different specimens of pyntes. 

In this connection reference may be made to a paper by 
H. F. Yancey, " Some Chemical Data on Coal P3ndtes ” 
(Chem MetEng., 1920. 22. 105), in which the results of an 
investigation upon the pyrites associated with American 
coals are described, without, however, including a complete 
analysis of any of the specimens. The following table 
contains the specific gravity of various pyrites quoted by 
Yancey, together with the sulphur content : 
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Source. 

Percentage of Sulphur. 

Specific Gravity. 

Tennessee 

15*1 

2*70 

Illmois 

25*5 

2 89 

» 

297 

3*62 

it 

43*0 

3 99 

ij 

44*0 

441 


467 

4*09 

Ohio 

48-9 

4*33 

5r2 

4*76 


lu view of the above table, Yancey comes to the conclu¬ 
sion that there is no relationship between the percentage 
of sulphur present and the specific gravity of the 
specimens. 

An additional observation made by Yancey was that the 
pyrites from coal contained a smaller amount of arsenic 
than ordinary pyrites, whilst the phosphorus present varied 
from 0-003 0*083 per cent. 


Source 

Pennsylvania 

Illinois 

Ohio 

Tennessee 

Pennsylvania 


PerceutiLgc of Arsenic* 

0*056 
0*029 
0 005 
0*005 
o 015 
0*039 


The Chemical Composition of Pyrites 'associated with Coal. 
The pyrites associated with coal exhibits great differences 
not only in its chemical composition, but also in its 
physical characteristics. In the specimens examined by 
us, the actual amount of iron disulphide present was 
iound to differ materially, whilst the inorganic con¬ 
stituents associated with the disulphide contained a 
variety of substances. 

In view of the great variation in the mode of occurrence 
of pyrites, it has not been possible to analyse specimens 
of every type encountered owing to the difficulty experi¬ 
enced in separating them from tlie associated coal and 
mineral matter. This applies especially to the pyrites 
which occurs in microscopically small aggregations. 

In the preparation of the specimens for examination 
it was necessary to separate the adherent mineral matter 
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(botk inorganic and organic) from the pyrites. It must 
be pointed out, however, that in many cases the pyrites 
was so intermingled with foreign matter that it could not 
be separated by ordinary physical methods. 

The specimens of pyrites examined cover a wide range, 
from material which was found in large masses to pyrites 
which occurred in a fine state of division and which was 
difficult to separate from the coal- In order to separate 
this latter type of p3rites from the associated coal, the 
pyrites was coarsely pulverised and advantage taJk;en of 
the difierence in specific gravity of the pyrites and 
extraneous matter, the lighter material being floated off by 
treatment with chloroform. The separated mineral matter 
was washed finally in a stream of that liquid. 

Description of the Specimens. 

We have to thank Mr. J. Lomax of Bolton for providing 
us with a number of the specimens of p3n:ites. Most of 
■them he has identified in the course of an exhaustive 
microscopical and palaeobotanical study of the method of 
occurrence of pyrites in coal. 

(i) Solid Pyrites (Lancashire) * 

Tins was a solid piece of material of a somewhat hetero¬ 
geneous character exhibiting a bright yellow colour 
streaked with darker markings. The bright surface 
undergoes superficial oxidation and then assumes many 
shades from deep bronze to green. A freshly broken 
surface exhibited only the dark andi bright mottled 
appearance. When the material was treated with hydro¬ 
chloric acid, the coloured surface rapidly dissolved with 
effervescence, leaving a bright, whitish yellow pyrites. 
This sample is remarkable in that a superficial examina¬ 
tion might lead to the conclusion that it contained 
a high percentage of p3ndtes. It may be pointed out 
that it only contained about 6o per cent, of iron disul¬ 
phide/ and that the balance consisted of constituents the 
nature of which may be gathered from the complete 
chemical analysis given later (p. 13). This material may 

_ Seams which occurred in the Laircashire coal field are designated by name. Where 
It was necessary to obtain coals from other coal fields the seams are designated by 
a letter. 
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be coiitrasted with a sample obtained from the Pembei'toii 
5 ft. seam, which, although similar in appearance, was 
found to contain over 90 per cent, of actual iron disulphide. 

{2) Solid Pyrites, Pemberton 5 ft. (Leigh, Lancashire), 

This specimen occurred in the form of large lenticular 
nodules, ^p^hich attained a size of one inch in thickness, 
5 inches in length and 3 to 4 inches in breadth. The 
nodules were surrounded by shale of a highly carbon¬ 
aceous character, which was replaced by pure coal in 
various regions. When the carbonaceous shale was re¬ 
placed by coal, the band of pyrites was frequently thicker 
and became practically a continuous layer of material aS 
distinct from the 1 cuticles nientioned above. The pyrites 
possessed a whitish yellow colour, but had *no definite 
crystalline form, except in a few isolated places where the 
crystals were cubical. Aggregations of a white substance 
could be detected, and when the specimen was treated 
with hydrochloric acid, these rapidly dissolved with 
effervescence leaving the yellowish white pyrites 
unaffected. 

(3) Solid Pyrites (Lenticular) (4 ft. Seam, Bolton, Lanca¬ 
shire). 

The lentic.le was about 6 inches in length and varied in 
thickness to a maximum of inches. The colour was 
distinctly greenish, and a white incrustation surrounded 
the outer edge of the pyrites where it came into contact 
with the coal: this incrustation was visible as a band of 
varying thickness on the coal to a depth of about two 
inches. The separated p5n:ites was devoid of crystalline 
structure, but there were present occasional hair-like veins 
of a bright yellow colour. Hydrochloric acid was practically 
without action upon the specimen. 

(4) Cubical Pyrites (Wigan 5 ft. Under cl ay, Lancashire). 
The specimens of pyrites were in irregular pieces of about 
^ inch diameter. They were found in an under-clay, 
minute particles of which still adhered to the material 
when analysed The pyrites was definitely crystalline in 
structure, brittle, and of a silvery gold colour 

Upon analysis it was found to be practically pure non 
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<lisuli:)liicle, and, in addition, its specific gravity was liiglier 
tliaii any of the specimens previously examined. The iron 1 

atid sulphur were present in approximately the proportions j 

occur ling in iron disulphide FeSa- The small amounts of 
other elements present may be assumed to occur in the 
clayey matter associated with the p5rrites. J 

No trace of carbonate was found, whilst the amount of 1 

iron soluble in hydrochloric acid was negligible and was 
probably due to slight superficial oxidation. | 

(5) Fibrous Pyntes (Doe Mine, Lancashire). I 

This type of pyrites difiered considerably from any of the , 

above, in that it formed a strong network throughout the ‘ 

mass of the coal. It occurred chiefly parallel to the bedding 
plane of the coal and as veins of hair-like thickness at 
right angles to it. The colour was a dull yellow. When 

the pyrites was treated with hydrochloric acid no 
cflEervescence was observed. 

( 6 ) Pyrites from Seam W. 

The pyrites occurred in the seam in dull masses sur¬ 
rounded by fibrous hair-like veins. The pyrites and the 
coal were closely intermingled, and it was difi&cult to 
separate them. It was observed that the pyrites, 
when separated, had a bright yellow colour, and contained 
ferric salts which were soluble in water. The coal 
associated with the pyntes was harder and more brittle 
than the general mass of the seam. 

(7) Pyrites from Seam X, Type A. s 

This type of pyrites occurred mainly in thin scales of a ^ 
bright whitish yellow colour, but fibrous layers could also 

be detected. When treated with hydrochloric acid no 
effervescence could be observed. An appreciable amount 
of iron dissolved in the acid without, however, affecting 
the appearance of the surface of the p3rrites. The pyrites 
W£is more fragile than the types previously described. i 

The material separated by flotation in chloroform possessed 
a dark greenish yellow colour and was almost devoid of 
crystalline structure. 
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(8) Pyrites from Seam X, Type B, 

This type of p5^tes occurred as a band of material vary¬ 
ing from i/i6 to inch in thickness. It was composed 
of yellowish particles closely interlaced with coal and was 
distinctly soft in nature. It was attacked by hydrochloric 
acid with marked effervescence. 

(g) Globulites from Trencherhone Seam West (Lancashire), 
In addition to the previous types of pyrites, consistmg of 
** solid, fibrous, stringy and flaky varieties, another type, 
termed ” globulites (Lomax. Trans.InstMin.:Eng., 1913- 
14, 46, 592 seq ) from the structure of the aggregates, occurs 
in a number of seams dispersed through a particular 
horizon of the seam. In the Trencherbone seam this 
variety of p3n:ites was found in a band of coal close to 
the base of the seam, as small spheroidal globules approxi¬ 
mately 1/32 of an inch in diameter The substance of 
which a unit was composed was reddish brown in colour 
and somewhat fragile. Microscopical examination showed 
that the outer shell in each of the small globules had a 
brighter appearance than the central portion. When a 
globule was treated with hydrochloric acid, a portion 
rapidly dissolved with effervescence whilst the residue 
became distinctly brighter and more yellow in appearance. 
The residue formed a small annular cup, from which the 
central material had been removed! by the acid (Lomax. 
Minutes of Evidence before the Departmental Committee on 
Spontaneous Combustion, August nth, 1914, p. 95.) 

From the above brief description it will be gathered 
that the globules consist of two distinct substances, 
(i) comprising the outer shell and consisting of bright 
yellow materii insoluble in hydrochloric acid and (2) the 
centre portion of each globule which was brown in colour 
and freely soluble in cold hydrochloric acid. The fact that 
this material dissolves with marked effervescence indicates 
that it contains a considerable proportion of carbonates. 

(10) Globulites, Seam Y, 

The present t5pe of globulites was similar in form to that 
described above, but the colour was dull, brownish yellow 
as distinct from the redi brown appearance associated with 
the Trencherbone globulites; except that the material was 
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harder, the properties of this specimen were similar to those 
of the Trencherbone globulites. 

(ii) Globulites from S^am Z, 

The material was disseminated throughout the coal in small, 
hard, browmsh spheres similar to those which occur in the 
Trencherbone seam, but somewhat browner in colour. When 
separated by means of chloroform, the globulites were seen 
to possess a dull brown colour- with an occasional particle 
having a bright yellow lustre. When the material v^as 
treated with hydrochloric acid a slight evolution of carbon 
dioxide occurred. Subsequent examination indicated the 
presence of a large proportion of carbonates, but rapid 
evolution of carbon dioxide only occurred when the material 
was heated) with hydrochloric acid. 

Chemical Composition of the Specimens, 

The following table contains the percentages of pyritic iron 
and sulphur found in each specimen. The specific gravity 
of the materia' f led! for the analysis was determined and 
is given in tht Ii Jt column ; 


Table i. 


Specimea. 


Percentage 
of actual 
FeSa 
.Present, 


1. Solid P3mtes . 56 66 
(Lancashire) 

2. Solid P3rrites , 93 80 
(Pemberton sft.) 

3. Lenticular . 83 54 

4. Cubical . 94 iG 
i Fibrous Pyrites 83 10 

6 Seam W . 83 12 

7 Seam X (A) , 89 17 

8 Seam X (B) . 87 26 

9. Globulites 73.41 

^rencherbone) 

10. Globulites . 77 12 
^eam Y) 

11. Globulites . 4-^0 

(Seam Z) 


Percentage 

of 

Pyntic 

Sulphur. 

30*22 
51 04 
4496 

SO'22 

44 37 

4433 

4756 

46 54 
39‘15 

41*13 

2*45 


Percentage 

Percental 

of 

of Non-' 

Pyntic 

Pyntic 

Iron. 

Iron. 

26 44 

9 77 

4276 

0 15 

3858 

nil 

4394 

0*89 

3882 

1*94 

3879 

3*51 

4161 

06 s 

4072 

2 II 

34 '26 

3 93 

35 99 

2 83 

2'14 

3 S‘ 8 s 


Specific 

Gravity. 


3 ' SS 8 

4391 

3 ' 36 o 

4987 
3 249 
4074 

3550 
3 779 


3*664 
3 420 


The whole of the spedmeiis with the exception of No, 3, 
contain an excess of iron above that required to form iron 
disulphide with the pjrritic sulphur present. 
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In view of the action of ferric salts upon p 3 Trites it was* not 
possible to determine whether the excess iron was present 
in the ferrous or ferric condition, since upon treating the 
material with hydrochloric acid, any ferric iron passing.into 
solution would tend to be reduced to the ferrous condition. 
The excess of iron has been recorded in the analyses as 
occurring in the ferrous condition. It probably existed 
as ferrous or ferric oxide or carbonate. 

The following table contains the complete analyses of the 
five specimens which were considered typical: 


Table 2 —Complete Analyses, 


No of Sample. 

I 

3 

3 

4 

Name of Sample 

Solid 

PjTitea 

Solid 

Pemberton 

5 ft 

Solid 

Pyrites 

Lenticular 

Cubical 

Pyrites*. 

Moisture 

0 64 

0 50 

I 21 

nil 

Insoluble Matter 

0 69 

0 85 

0 21 

0 61 

Iron (Pyritic) 

2644 

42 76 

3763 

43 94 

Sulphur (Pyritic) 

30 22 

SI 04 

4496 

SO 22 

Iron (other than 





Pyrites as FeO) 

T 2 56 

nil 

122 

1*14 

Alurninium Oxide 

2 31 

336 

3 22 

362 

Calcium Oxide . 

7 01 

048 

nil 

0*09 

Magnesium Oxide ► 

3 < 5 o 

trace 

084 

0*54 

Sulphur Triopnde 

1 29 

nil 

I 90 

nil 

Carbon Dioxide 

10 23 

038 

099 

nil 

Carbon (Organic) 

342 

nil 

6 04 

nil 

Hydrogen (combined) 

033 

nil 

075 

nil 

Specific Gravity 

3588 

4391 

3 3 ^ 

49S7 


Glo^ite 
from 
Seam Z 

o 25 
0*35 
2*14 

24s 

4609 

442 

3 38 

4 57 
ml 

32 62 
nil 
nil 

3.420 


The following conclusions may be drawn from the above 
values : 

(1) The physical appearance, colour and hardness cannot 
be relied upon as an indication of the presence of a 
high percentage of iron disulphide : a number of the 
specimens examined were hard and exhibited a bright 
yellow appearance, but contained only a relatively 
small proportion of actual disulphide. Other speci¬ 
mens which were devoid of crystalline structure and 
possessed a dull greyish green colour, contained a 
high percentage of disulphide. 

( 2 ) The specific gravity afEords no direct indication of 
the purity of the specimens, i e, the amount of actual 
disulphide present is not proportional to the specific 
gravity. 
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It will be noticed in Table 2 tliat the composition of the 
foreign matter associated with the pyrites varies greatly. 
In two cases (i and ii) a large proportion of iron is present 
either as oxide or carbonate, the latter being especially 
pronounced in the globulites from Seam Z—in other 
words—^these particular globulites, though resembling in 
structure those from other seams, contain only a small 
proportion of actual iron disulphide, the material consisting 
chiefly of carbonate of iron (as distinct from ankerites). 

With regard to the mineral matter, variations are 
encountered, some specimens containing a relatively large 
quantity of a single constituent, e.g., calcium oxide 
(Speamen i), whilst it is absent from others as in Specimen 3 

The Relationship of Ankerites to Pyrites. 

Coal pyrites may vary from material which approximates 
to pure pyrites, to mixtures containing only a small 
proportion of iron disulphide. It is suggested that the 
oxidation of the iron disulphide itself may be influenced 
not only by its physical state, e.g., its specific gravity, degree 
of fineness and porosity, but also by the nature and com¬ 
position of the foreign matter associated with it. 


Table 3 — Percentage Composition of the White Partings 
{Ankentes). 


Lower 

Mountain Arley 
Mine 

Ravine 

Mine. 

Sap¬ 

ling 

Mine, 

Hoo 

Cannel. 

Rushy 

Park. 

King 

Mine 

Calcium Oxide , 27 40 

28*56 

2994 

42 79 

30 08 

28 76 

30 84 

Magnesium Oxide 13 33 

II 51 

16 15 

0 41 

II 18 

874 

§'76 

Ferrous Oxide 14 56 

9 81 

4 80 

13 07 

14 16 

1623 

18 42 

Manganese Oxide — 

0 82 

I II 

— 

— 

059 

0 31 

Carbon Dioxide . 45 21 

41 52 

44*.35 

41 88 

4458 

4256 

42 03 

Silica ... — 

6 05 

2 25 

I 70 

— 

2’45 


Ferric Oxide . — 

0 60 

025 

0*17 

— 

063 

— 

Pyrites ... — 

I II 

— 

— 

— 

0 09 

2 47 

Equivalent to 

Calaum Carbon¬ 
ate . . 48 93 

$1 00 

53.14 

76 41 

53 70 

51.36 

55 08 

Magnesium Car¬ 
bonate . 28 30 

2407 

33^5 

0 66 

2348 

18*28 

12*10 

Ferrous Carbonate 23 46 

1581 

8 40 

21 68 

22 82 

26 i8 

29*68 

Manganese Car¬ 
bonate . — 

I 33 

1 80 


_ 

0 96 

0*50 

Calcium Sulphate — 


044 

— 

— 

— 


Silica . . . — 

6 05 

2 25 

1*70 

— 

245 

— 

Ferric Oxide . . — 

0 60 

0 25 

o'i7 

— 

063 


Pyrites ... — 

I II 

— 

— 

— 

0*09 

2.47 

14 
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Attention may be called to a paper by Sinnatt, Grounds 
and Bailey (J.Soc.Cliem.Ind., 1921, XIv, 1-4T, and Bulletin 8, 
Ivanc. and Ches. Coal Res. Assoc.), in wbich tbe authors 
give detailed analyses of the white partings (ankerites) 
occurring in Lancashire coal seams. The analyses of a 
number of specimens are contained in the above table. 

It is a common occurrence for sheets of ankerites to be 
associated with p3rrite8. Frequently it would appear that 
one of these minerals may have replaced the other in a 
particular fissure in the coal. Thus, a continuous sheet 
composed largely of pyrites gradually changes to one con¬ 
sisting wholly of ankerites. This suggests that one of 
the minerals may have been formed from the other, for it 
must be recogmsed that the ankerites contain a consider¬ 
able percentage of iron, and consequently it is reasonable 
to suppose that part of this iron may have been derived 
from pyrites or that p3nites may have been formed from it. 

In order to gain some information on this point a 
specimen of Cannel (Lancashire) was selected on which 
a perfect sheet of material was deposited. This was about 
2 inches wide, and varied from what appeared to be 
practically pure crystalline p3m.tes to material composed 
essentially of ankerites. The central portion of the sheet 
of material was examined with special care, and it was 
found that the crystals of pyrites were adjoining the 
cannel, whilst the larger portion of the ankerites formed 
a sheet on which these crystals might have been 
deposited. 

With a view to determining whether the pyrites had been 
derived from the ankerite or vice versa, the middle portion 
of this sheet of material ^as carefully removed for about 
yi inch in depth and % inch in breadth, and the adjacent 
portion, which consisted of pure ankerites, was also 
separated. 

In order to ascertain whether the percentage of iron 
present in the pure ankente difiered from that in the 
ankente on which the pyrites occurred, the two specimens 
were analysed with the following results : 

Percentage of iron in pure ankerite ... 8*58 

Percentage of iron in ankerites associated 

with the pyrites ... ... ... 874 
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nrn above it will be gathered that the aiikerite is 

f' n • co-nstant in composition throughout, despite the 
i 41 portion it is covered with pyrites whereas 

iG other portion it is free from p^’-ntes. 


OXIDATION PRODUCTS OF PYRITES 

The oxidation of pyrites in a mine is liable to occur con¬ 
tinuously, being influenced by the humidity of the air, the 
temperature, the nature and physical condition of the 

which it is associated. Large 
solid accumulations of sulphates of iron are rarely found, 
but iron salts soluble in water are being gradually formed 
and give rise to the high iron content of mine waters. 

Deposits of Iron Salts in Mines. 

Four cases will be described as being representative of 
deposits formed under different conditions. In two 
instances, ferrous sulphate was found in large aggrega¬ 
tions, whilst in the other two, the oxidation had proceeded 
further, the final product being the more highly oxidised 
ferric sulphate. 

First Case. 

Upon examining a portion of the roof of the Ravine Mine 
in which a local heating occurred, a crystalline stalactite 
uTioiit 8 inches long and i to inches in diameter was 
fountl. It was bright green in colour and entirely free 
from coal- 

On exposure to the air for a few days the surface became 
covered with a greyish white powder due to loss of moisture. 
lyOiiger exposure produced a deeper layer of this dehydrated 
salt on the surface of the green crystals. 
i6 
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A chemical analysis of the material showed that it con¬ 
sisted principally of crystalline ferrous sulphate FeSO*. 
7HaO with a slight amount of adherent moisture, and other 
impurities. The specimen, as received', contained i8 7 per 
cent, of iron, correspond,mg to 93 per cent- of ferrous 
sulphate. After ;t had been allowed to stand for six 
months, the material was again analysed) the inner core 
and the outside layer being examined separately. It is a 
curious fact that although exposed to the air, practically 
no ferric salt had been formed during this period, the outer 
layer merely consisting of partially dehydrated ferrous 
sulphate. In addition to ferrous sulphate a small quantity 
of aluminium sulphate was present. The following table 
indicates the composition of the stalactite : 


Tabic 4. 


Loss of Water 

Material as received 

at 

After standing Sue Months 
Core of the Outer 

Deposit. Surface, 

Pure 

Ferrous 

Sulphate. 

^ "C. 

not determined 

38*53 

2452 

3888 

Total Iron Fe 

187 

1942 

23 41 

20 09 

Ferrous Iron Fe 

not determined 

19 32 

23 23 

20 09 

Feme Iron Fe 

« 

0 10 

0 18 

nil 

Aluminium A 1 


066 

I 62 

ml 

Sulphate SO^ 

T 34 I 

36 06 

4395 

34 S<5 


With regard to the above material, the following facts 
may be noted : 

1. Free sulphuric acid was not present in the material. 

2. The deposit was extremely pure, being chiefly ferrous 

sulphate. 

3. Pure ferrous sulphate FeS04.7H30 loses 6 of its mole¬ 

cules of water of crystallisation (or 38*84 pe?: cent.) 
when heated to 105° C, whilst the stalactite lost 
38*53 per cent, when similarly treated. 

4. The slightly excessive quantity of aluminium present 

on the outside of the material, viz., 1*62 per cent, as 
compared with o 66, is probably accounted for by the 
fact that the outside may have been slightly con¬ 
taminated with “ foreign ” matter. 

The occurrence of such an accumulation is somewhat 
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abnormal, and the most noticeable fact is that the oxidation 
of the pyrites has not proceeded further than the first stage, 
that is to say, no ferric sulphate had been formed. Ordinary 
ferrous sulphate exposed to the air under similar conditions 
became covered with white efflorescence which rapidly 
turned brown in colour, thus being quite difierent m its 
behaviour. 

Second Case. 

A deposit somewhat similar to the above has been placed 
at our disposal through the kindness of Mr. Whitehead of 
the Abram Coal Co, Ltd. It was found in a mine at 
Skehnerdale that is very liable to spontaneous combus¬ 
tion. The seam itself is about lo ft. thick, the top coal 
containing pyrites and being liable to spontaneous com¬ 
bustion, The fires veiy rarely occur in the strait,” but 
take place in the wastes after pillaring has begun. The 
pyrites is very often associated with bands of fusain. 

The crystals were found in the top coal associated with 
P3Tites, and it is stated that there is little air in the places 
where they occur, as they were found in oldi “ strait ” 
roads which had been packed off, or had become swollen 
up. On allowing air to re-enter these old ^ roads, th^ 
crystals changed to a white or creamy powder. , 

Upon examination, the crystals were found to consist 
almost entirely of ferrous sulphate, ferric salts being 
absent. Upon exposure, the white efflorescence formed 
on the surface, as in the case of the stalactite described 
above. It must be mentioned, however, that in the 
centre of a number of the masses of crystals, a quantity 
of apparently unaltered solid p3rrites occurred. This pyrites 
was a. bright pale yellow colour, of definite crystalline form 
and homogeneous in character. The ferrous sulphate and 
the pjrrites adjoined one another, no intermediate band ' 
being visible. There was, however, present a small quantity 
(too minute for analysis) of a white substance which 
crystallised in fibrous crystals. 

Third Case. j 

The deposit which consisted chiefly of ferric sulphate was I 
found in a seam which shows a marked tendency to undergo 
spontaneous combustion. In addition, the ankerites or white ' 
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partings which occur in large quantities in the coal, were 
oxidised to a degree which had not been noticed in any 
other seam examined. In other words, it would appear 
that conditions exist in the seam which facilitate the 
oxidation of any oxidisable substance present, and the fact 
that the reaction had proceeded to such an extent that 
feme sulphate was produced would indicate that the 
oxidation is very pronounced. 

The band of material which exhibits this tendency to 
undergo rapid oxidation lies approximately in the middle 
of the seam. 

Diagram, 

A. 

& 

C. 


D. 


L 


A is the top coal. 

B is the incrustation which appears in the seam, approxi¬ 
mately 3 inches above the band of material marked D. 
In between B and D is a layer of coal C. 

D is a band about 5 inches wide composed of a soft 
shaly material which rapidly exhibits signs of 
weathering. 

B is the bottom coal. 

Analyses of the sections are given in the following table : 



y/////////A 
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Table 5. 

A and C* 

r> 

TC. 

Moisture 

2'33 , 

2-20 

2*44 

Ash 

4 'i 3 

77*82 

5'59 

Volatile Matter 

3 S* 6 o 

12*45 

34 37 

Volatile Org. Matter 

33 '27 

10-25 

3 i '93 

Coke 

64*40 

87-55 

65*63 

Fixed Carbon 

60*27 

9-73 

60*04 

Nature of coke 

friable, very 

nou-coherent 

friable, 


swollen 


swollen 


The yellow incrustation does not occur on a freshly cut 
face of the coal, but only appears after exposure to the 
air. The reaction appears to occur in a band running 
parallel with section D and about 3 inches above it, and 
the salt accumulates oh the coal surface in the form of a 
pale yellow powder which gradually inoreases in amount 
with prolonged exposure. Analysis show^ that the incrus¬ 
tation consisted principally of ferric sillphate. 

The composition of the incrustation was as follows : 

Percentage of iron (ferric) ... . 15*6 

w „ sulphate SO* ... ... 45'3 

The occurrence of this ferric sulphate is in itself a distinct 
indication that very vigorous chamical action occurs, at a 
point between the top coal and the layer D. Fortunately, 
it was possible to examine part of the seam which had not 
been worked for several years. It was found that the band 
of coal C had become completely impregnated with the 
yellow ferric sulphate, which had also spread into the layer 
of shale D, the latter becoming soft and friable. This can 
be seen from the analytical figures given below, which 
prove that the percentages of iron and sulphur in the 
freshly mined material were lower than those found in the 
material which had been exposed for some time. 

The composition of layer D was as follows : 


Jixposea in tiio Mine. 


T. . „ . Newly Mined Sample. 

Percentage of iron ... 1-59 a-g^" 

„ „ sulphur ... i-o8 ... i-6i 

It mil be seen that the percentages of iron and sulphur 
Md both increased considerably in the weathered seam—a 
fact which can only be due to infiltration (probably in 
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aqueous solution). It may be stated that the layer of shale 
D which had been exposed in the mine was distinctly acid 
in character, whilst the freshly mined sample was absolutely 
neutral. The formation of the ferric sulphate, coupled with 
the fact that sulphuric acid is simultaneously produced, 
considerably assists in the disintegration or weathering of 
the coal. 


Fourth Case. 

In a paper by Mr. C. Newton (Trans.Inst.Min.Eng., 1922, 
XLII, 261) which contains an account of a deposit known 
locally as Batty, which occasionally occurs in the Arley 
Mine and which was the cause of a marked heating in the 
goaf, it was found that if the fine material was separated 
and removed from the pit before the Batty was put into 
the goaf, the coarse material showed no tendency to fire. 
As will be seen from the analyses quoted later, the Batty 
contained a high percentage of ash and consisted of material 
which rapidly disintegrated on exposure to the air. 

In view of the previous work we had undertaken upon 
the forms in which iron occurs in coal, it was thought that 
the composition of the fine material of the Batty might 
difier from the coarse. An examination was, therefore, 
carried out with the object of ascertaining the nature and 
distribution of the iron compounds present in both the fine 
and the coarse material, and the following are three analyses 
of the Batty taken at intervals of about one month, together 
with an analysis of Arley coal. 


Table 6. 

(i). 

Moisture 

2-2 

Ash 

25*6 

Volatile Matter 

29-0 

Vol. Org, Matter 

268 

Coke 

71-0 

Fixed Carbon 

45-4 

Sulphur 

Colour of ash 
Swollen (coke) 
Nature of coke 

3*5 


(2) ( 2 } Arley Coal. 

2-4 2-6o I'92 

38-5 2475 175 

26*2 31-52 35-34 

23-8 28*92 33-42 

73*8 68*48 64*^ 

35 3 4373 62*89 

5-4 773 1*45 


reddish brown 
X 

dull, moderately 
strong 

21 
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The Batty was sieved, and that portion remaining on a 
i/io mesh sieve, together with that portion which passed 
through a 1/200 mesh sieve were examined separately with 
the following results : 


Water soluble (Ferrous) 

Water soluble (Feme) 
Hydrochloric Acid soluble 
(Ankeritic) 

Nitric Acid (Pyretic) . 


Complete 

Above 

Below 

Sample 

i/ta 

1/200 

0618] 

0 345 ) 

0 6 ig 

1*561 

o’Sfi? 

0-503 

0 884 

4632 

5-271 

2 051 

6 162 

6393 

4496 


Distribution of The Iron, 


Water soluble (Ferrous) 

Water soluble (Feme) 
Hydrochloric Acid soluble 
Pyritic . . . . . 

10 02 
5 60 
9 20 
75 18 

1 968 

787 

82-45 

34*72 

19 66 
4562 


100 00 

100 00 

100*00 

Quantitative Sieving Test. 




Mesh of Sieve. 


Percentage 

On 10 Mesh 

10-90 Mesh 

90-200 Mesh 

Through 200 Mesh 


• 

€49 

28*0 

2 6 

4 2 

Analyses of the Fractions, 


Above j/io 

Below i/soo. 

Moisture 

Ash 

Volatile Matter 

Volatile Organic Matter 
Coke 

Fixed Carbon 

• 

2'50 

29*50 

30-48 

2798 

6952 

40*02 

4 76 

16 48 
37*27 

32*52 

62*72 

46 24 


The above determinations were carried out upon Speci¬ 
men 3 in Table 6 (p. 21). 

For purposes of comparison the approximate analysis of 
the Arley coal in which the material occurred is given in 
column 4 in Table 6. The forms in which the iron is 
present in the Arley are as follows : 
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Arley. 

Percentage of iron 0*612 
Water soluble iron .. 2*15 per cent, of total iron. 

Hydrochloric acid sol¬ 
uble iron ... 5 55 » „ „ 

Pyritic iron ... 83*00 „ „ „ 

Silicate iron . . 9*92 „ „ „ „ 

In the interpretation of the above results, it must be 
pointed out that if a portion of the iron in the coal has 
been converted Into ferric sulphate, when the coal is treated 
with water in order to determine the amount soluble, the 
solution of ferric salt produced will react with the iron 
disulphide (pyrites) present in the material and yield an 
additional proportion of iron soluble in water. 

From a number of observations we have made upon the 
action of coal upon aqueous solutions of feme salts, it has 
been proved that the production of ferric salts cannot be 
expected where the coal substance is in contact with a 
solution of the iron salt, as the coal reduced the feme salts 
to the ferrous condition. At the same time it is clear that 
the fine portion of the Batty contains an abnormal amount 
of iron which is present in a form soluble in water. 

It may be assumed that this soluble salt consists of 
sulphates of iron formed by oxidation of the pyrites, the 
ferrous sulphate produced tending to oxidise further to 
ferric sulphate. The ferrous salt would be Hable to undergo 
oxidation except where it is surrounded by or m contact 
with the coal substance. Since feme salts are present in 
considerable quantities in the Batty examined, it would 
appear that the carbonaceous material in contact with the 
Batty has undergone considerable oxidation and that 
possibly it has reached the stage at which it is incapable 
of further reducing feme salts. On the other hand the 
ferric salt may not be in contact with the coal. 

It is suggested that the production of iron salts which are 
soluble in* water may form the intermediate reagent between 
the air and the coal substance In other words, in a mass 
of the coal where a certain proportion of water is present, 
the oxidation and reduction of the ferrous sulphate may 
proceed with the ultimate result that the coal substance 
being continually oxidised, the iron salt acting catal3rtically. 
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A brief consideration of trL,i four examples quoted above 
indicates that it is difiScult to define the conditions under 
which any one of them was foimed. It must be assumed 
that they were produced largely by the oxidation of pyrites, 
but it is not possible to foretell whether ferrous sulphate 
or the more highly oxidised feme salt will be the end 
product. 

The matenal (example i) from the Ravine Mine exhibits 
practically no tendency to oxidise on exposure to the air, 
and in view of this, the factors which have caused the 
formation of ferric sulphate in the other deposits are not 
clear. 

In most of the cases in which the pyrites had undergone 
oxidation, the material surrounding it was not pure coal, 
but usually highly carbonaceous shale. This association is 
not accidental, and it is suggested that the presence of 
such material containing pyrites of a type which undergoes 
oxidation may constitute one of the chief factors contri¬ 
buting to the heating of certain seams in the goaf. 

The above results are of importance in connection with 
their bearing upon the following subjects : 

I The spontaneous ignition of coal. 

3. The storage of coal. 

3. The composition of pit waters and of the ochre deposits 
from such waters. 

The difierence in composition of the pyrites occurring in 
coal seams and the nature of the products of oxidation 
formed in coals liable to undergo spontaneous ignition, 
would indicate that the inorganic constituents are probably j 
of great importance from the point of view of the storage i 
of coal. j 

With regard to the composition of pit waters and of | 

drainage water from colliery waste, it is well known that ; 

such waters frequently exhibit an acid reaction and are 
strong corroding agents. This is due not only to the direct 
formation of free sulphuric acid by the oxidation of pyrites 
as mentioned above, but also to the fact that iron salts 
readily hydrolyse in water with the deposition of basic iron 
compounds of indefinite composition and the formation of a 
solution which possesses distinctly acid properties. Con¬ 
sequently unless a very large quantity of bases are present 
which would tend to neutralise the acid formed, the forma- 
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tion of water soluble iron sulphates will result in waters 
possessing acidic properties. 

Oxidation of Pyrites, 

T. F. Winmill (Trans lust Mm.E., 1914. 51. 500) states that 
when pyrites oxidises to ferrous sulphate the reaction may 
be represented by the equation : 

(1) 2FeS3+70a+^HaO = 2HaS04+aFeSOi 

whilst the following equation may be taken as indicating 
the oxidation when a feme salt is produced : 

( 2 ) 4FeSa+I50a+ 2 HaO = aFe, (SO Ja+sHaSO* 

If, however, the p3rrites oxidises completely at a tempera¬ 
ture approaching a red heat, the final products are sulphur 
dioxide and feme oxide according to the equation : 

( 3 ) 4FeSa 4 -11 Oa = 2 FeaOa -f 8S0a 

In all probability the reactions represented by equations 
(1) and (2) do not indicate the real course of the oxidation 
of pyrites, since secondary reactions increase the complexity 
of the products. The last reaction cannot proceed under 
the normal condition of oxidation occurring in coal except 
when the coal is being burned. 

From anal3^ical figures quoted above, it is shown that 
pyrites is usually accompanied by varying amounts of bases 
or carbonates which will react with any sulphuric acid 
generated by the oxidation, whilst the oxidation of the 
ferrous to ferric sulphate would tend to yield a basic ferric 
sulphate. 

According to Evans (Mm. Mag, 1900 12 371) iron p3n:iteS 
in the absence of carbonate or carbon dioxide oxidises to 
yield ferrous sulphate which in turn is slowly converted 
into limonite 2Fea0a.3H,0 (hydrated ferric oxide). Since 
this oxidation is retarded by the presence of sulphuric acid 
which IS formed during the first stage, the degree to which 
the conversion of the ferrous sulphate to*'the ferric state 
will proceed is influenced by the presence of bases which 
would'neutralise the acid produced and thus facilitate the 
reaction. The retarding effect of sulphuric acid is also 
assisted by the presence of chlorides and sulphates of certain 
metals, e.g., sodium, potassium and magnesium. 
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If ferrous sulphate is fortued, the subsequent oxidation 
it will undergo is also influenced by the moisture content 
of the surrounding medium, e.g, a dry atmosphere retards 
the oxidation whilst a humid one has an accelerating effect. 

Bvans (loc. cit.) states that in the presence of carbon 
dioxide or carbonates, the sulphate is not formed as an 
intermediate phase, but a readily oxidisable carbonate is 
produced which subsequently passes into hydrated ferric 
oxide, especially in the presence of moisture. This affords 
a possible explanation of the quantities of oxide and car¬ 
bonate of iron associated with some specimens of p3u:ites 
and the absence of all but mere traces of water soluble iron, 
i.e, sulphates. 

The process of oxidation is influenced by the physical 
nature of the pyrites, finely divided material being more 
prone to rapid oxidation than lump or solid form, whilst 
the temperature and the amount of air and moisture in 
contact with the material will obviously influence the rate 
of oxidation. It will be noticed that for the formation of 
both ferrous and ferric sulphates a definite amount of 
moisture is required. 

In the first case, i.e., when ferrous sulphate results, the 
moisture required amounts to 15 per cent, by weight of 
the pyrites oxidised, whilst if the sulphate becomes hydrated 
a further 105 per cent, of water is necessary. Reference is 
made to this observation in view of the fact that speamens 
of pure crystalline ferrous sulphate containing the full 
amount of water of crystallisation have been found in coal 
seams (see p. 16). 

In this connection, mention might be made of an extract 
from a paper by R Threlfall (J Soc.Chem Ind., 1909. 28. 759) : 
“ I have been informed by Mr. Savage, a member of the 
2nd N-S.W. Commission on the Spontaneous Combustion of 
Coal that at the Mootooroo Mine in South Australia there 
was a form of pyrites which rapidly decomposed, forming 
a pungent dust even in the exceptionally dry air of that 
district.'' 

From this it would appear that oxidation occurred witl; 
only a small proportion of water present. 

S, W. Parr (The Effect of Storage upon the Properties of 
Coal. Univ of Illinois, Eng Expt.Statn., Bull. 97, 1917) 
has carried out experiments upon the increase in the amount 
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of sulphate in coal during storage. From liis experiments 
he di'aws the following conclusions : 

(1) Oxidation of the pyntic sulphur occurs at room 
temperature, the action being more pronounced with 
fine than with coarse material. 

(2) Oxidation is more pronounced where the moisture and 
p5n:itic content of the coal are high. 

(3) Fineness of division of the p3n:ites and its physical 
conditions influence the oxidation. 

The above results should be borne in mind in the light 
of the oxidation occurring in one of the seams examined bj’* 
the authors {uide supra). 

If through oxidation or other causes, the coal substance 
loses the power of reducing ferric salts, then the latter will 
react with any pyrites present as soon as a small quantity 
of ferric salt is produced, with the result that the oxidation 
of. the pyrites will commence, the presence of moisture and 
air facilitating the process. The reaction is represented by 
the following equations : 

FeSa+Fe, (SO^),=sFeSO^H- 2S 
2S+6Fea(SO03+8HaO=i2FeSO*+8HaSO* 

It will be seen from the above that the ultimate products 
of the reaction are ferrous sulphate and sulphuric acid, the 
former, under suitable conditions, oxidising to ferric 
sulphate. 

The same results have been obtained experimentally by 
T. J. Drakeley (Trans Chem Soc, 1916, log 723). He sub¬ 
jected pyrites to a current of moist air in a tube 140 cm. 
long, heated externally by steam so that the air rose from 
15-18° C. on entering to 36-39° C. at the outlet. The pyrites 
under these conditions oxidised to ferric sulphate, but in 
the presence of powdered coal ferrous sulphate was formed. 

Further experiments by Drakeley indicated that the 
admixture of iron pyrites with coal caused the absorption 
of oxygen at room temperature to be more vigorous at first, 
but ceased to have any effect after a time. 

The reduction of ferric sulphate to ferrous sulphate by 
contact with the coal substance was suggested by Richters 
as early as 1S69, the iron acting catalytlcally in the oxida¬ 
tion of a portion of the coal substance When this body 
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or bodies became oxidised, the iron salt would cease to 
function as a catalyst and finally become completely 
oxidised) to the fernc state. 

In a senes of experiments, the results of which will be 
published at a later date, the authors have examined the 
quantitative reduction of solutions of feriic chloride by 
means of coal; the coal substance readily undergoing oxida¬ 
tion whilst the ferric salt is reduced. 

Heat Evolved by the Oxidation of Pyrites, 

It IS not intended to enter into the problem of the efiect 
of the heat evolved when p3rrites oxidises in air, upon the 
liability of the coal to undergo spontaneous combustion. 
It is clear, however, that if there is a certain amount of 
pyrites or other oxidisable inorganic substance present in 
the coal in a finely divided state, and the conditions are 
such that this material oxidises, the heat evolved will raise 
the temperature of the mass even if only to a small degree. 

As a result of the work of Haldane and Meachem 
(Trans.Inst.Min.Bng, 1898. 16. 457), B. E. Sommermeier 
(J.Amer.Chem.Soc, 1904 26. 566 and 764), S. W. Parr and 
F. W. Kressman (UniV. of Illinois, Bug Bxpt.Statn., Bull. 
16, 1910), and T. F. Winmill (Trans Inst Min.Bng., 1916. 51. 
500), the heat evolved by the oxidation of p5rites can be 
stated with a fair degree of accuracy, although secondary 
reactions occurring during the process have not been 
investigated. 

When pyrites oxidises according to the equation : 

2 FeSa+ 70 a-}- 2 Ha 0 = 2HaS0+2FeS0* 

heat is evolved! equivalent to 623 K (K=i large calorie of 
looo small calories), but owing to the efiect of secondary 
reactions the heat evolved will be somewhat greater than 
this. In considering this subject the time taken for the 
oxidation is the determining factor : if the oxidation occurs 
in a relatively short space of time, the heat developed is 
not dissipated throughout the mass owing to the poor heat 
conductivity of the coal. If, however, the oxidation proceeds 
extreruely slowly the heat generated, though actually the 
same in amount, does not have the same effect. 

2 molecules, i.e, 240 gms. of p3rrites, when completely 
oxidised generate 623,000 calories of heat, i.e., sufficient to 
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raise tlie temperature of a mass of coal containing i per 
cent of pyrites 

623,000 «740C 

240 X 100 X o 35 ^ 

assuming the specific heat of the coal to be 0 35. 
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THE DETERMINATION OF 

CARBON MONOXIDE 
IN VITIATED AIR 

INCLUDING THE 

ANALYSIS OF MINE GASES 

Ill the course of a number of investigations it Has been 
necessary to examine the methods available for the deter¬ 
mination of small volumes of carbon monoxide in vitiated 
air. 

This bulletin contains a biief description of the methods 
which have been found to yield satisfactory results. 

The vitiated air (containing carbon monoxide) has been 
derived fiom the following : 

(i) The air from coal mines. 

(3) The waste gases (air) from coal and gas fires and gas 
heated appliances (gas irons), etc. 

(3) The gases produced during experiments upon the 
oxidation of coal. 

A careful examination of the results and of the methods 
of analysis available has suggested the possibility of divid¬ 
ing these gases into the following types : 

(a) In which the sample is small in volume and consists 
essentially of air containing small percentages of 
carbon monoxide, etc., assoaated with other con¬ 
stituents, and of which a complete and accurate 
analysis is necessary. 

(b) In which large volumes of gas are available and the 
percentage of carbon monoxide present is lower than 
0 - 02 . 

(c) In which large volumes of gas are available, but the 
percentage of carbon monoxide may vary within wide 
limits, or a determination extending over some con¬ 
siderable period is necessary. 

Under the heading of (a) there occur probably the greater 
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number of gases to be examined, for they will consist of 
tninp gases and to a lesser degree air which is secured from 
the artificial oxidation of coal in the laboratory and vitiated 
air from coal fires, coke fires, gas fires and other industrial 
processes. 

The question of the analysis of mine gases is of consider- 
able importance. 

It IS recognised that in general the only constituents it 
will be necessary to determine in the normal air from mines 
are carbon dioxide and methane. 

It is not proposed in this bulletin to describe the deter¬ 
mination of the two latter compounds; this aspect of the 
problem has been fully dealt with by Dr. J. S. Haldane.* 
He describes his original apparatus designed for the 
determination of methane and carbon dioxide. It is known, 
however, that there are abnormal cases in which it is 
necessary to determine the percentage of carbon monoxide 
occurring in the air of mines. The methods described here 
are designed with a view to the examination of such gases. 

A knowledge of the exact amount of methane in the air 
and the variation which this undergoes under different 
conditions of the ventilating system is of importance. The 
values form a direct measure of the efficiency of the 
ventilating system, especially if samples are examined from 

local places.” The accurate determination of the methane 
over a period during which the ventilation undergoes slight 
pre-determined variations, gives a clear statement, by inter¬ 
polation, of the rate at which methane accumulates in any 
position in the pit. As a rule this information is not 
available. 

It has long been recognised that carbon monoxide is an 
essential product of the oxidation of coal (Wheeler and 
Rhead, Proc.Chem.Soc 1913 29. 51-82), and in more recent 
papers J. Ivon Graham (Trans.Inst.Min.EJng., Vol. I^X., page 
222) has proved that the presence of carbon monoxide in 
mine air may be associated with the spontaneous oxidation 
of coal, and further he has shown that the presence of 
carbon monoxide above certain normal values must be 
considered^ as an absolute indication that abnormal heating 
is proceeding in some part of the mine (goaf). 

• Methods of Air Analysis. J. Scott Haldane, M.B. 

IThe Determination of Carbon Monoxide 


4 


The following figures ric given by J. Ivon Graham 
(ibid,) : 

The Normal Pi eduction oj Ctvboii Monoxide in Mine Ait 


percentage of Constituent. 


Aren. 

COy 

Combustible 
h> diocnrbons 

^O-tigen 

Nitrogen. 

CO ^ 

York shire 

hamsley Seam 
District No I 
Return 

o-ii 

0 93 

20-50 

78*47 

0 003 

Lancashire 

Return from 

Four Foot and 
Rams vSeain 

0 35 

o-Ss 

ig-Si 

78*99 

0*004 

Fijeshtre 

Return from 

Five Foot 

Seam 

T- 93 

O'OI 

18-47 

79*59 

under 
0 0005 

Stajfordslnrc 

Return from 

North District 

O’ 23 

094 

19-78 

79*04 

0*0095 

Return from 

South District 

0*24 

0 76 

1989 

79*11 

0*011 


During the oxidation of coal, products other than carbon 
monoxide are eiicouiiteied in the issuing air (e.g, ethyl 
alcohol and acetone) Although the amount of these two 
oxidation products is extremely small, conditions may arise 
during the oxidation of coal which cause a maximum 
production of these two compounds, and in such quantity 
that during the subsequent combustion of the combustible 
hydrocarbons there may be a slight vaiiatiou in the carbon 
dioxide/water ratio sufficient to prevent an accurate 
determination of methane, carbon monoxide, etc. 

The amounts generally present are so small that they 
cannot be detennined by ordinal y gas volumetric methods, 
and the methods described in tins bulletin are not suitable. 

It may appear that no such test as the analysis of the 
air is necessary to replace the identification by means of 
the odour which is so characteristic of incipient heating in 
the goaf, but the smell of “ gob stink tends to penneate 
the whole of the workings and consequently the detection of 
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the oosition of the heating is frequently n nmtler ol 
the positron o aonear. therefore, that rapid analysis 

frorS loSt; (goaf) would yield a positive 
indkation of the intensity and approximate position ol 

^^The^proJertie*s”S carbon monoxide aie too well known 
to need lengthy description; many experiments have 
shown that even such an amount as o-oi per cent, may 
h^e a marked influence upon the health of the person 
who is inhaling it continually, whilst when the percentage 
reaches o-i, tbi atmosphere must be considered to be dis¬ 
tinctly dangerous and human beings will be poisoned in 

a short space oi time. ^ 

The subject is one with many aspects, but it is reco^nscu 
that the human frame may become immuue to small per¬ 
centages, although the influence of the carbon monoxide 
must be considered to be that of a cumulative poison. 

The following physiological effects are detailed by Veales 
(Trans Inst Min.Biig., Vol. hXIII., page 417. 1922) . 


Physiological Effect. 

Severe headache, weakness of the 
knees and difficulty in walking 
upright. 

Severe headache. 

Caused temporary Iieadache. 

The effects described were the results of breathing air 
containing the carbon monoxide whilst the experimenter 
was at rest and breathing noimially. 

Further experiments indicated that the rate of absorption 
of carbon monoxide is increased fourfold when hard work 
is carried out. 

It is clear that an accurate and rapid method of determin¬ 
ing the caibon monoxide in mine air in addition to the 
determination of carbon dioxide and methane should ])e of 
value in the control of a colliery. 

The analysis of samples of gas which may contain carbon 
dioxide, ethylene, carbon monoxide, methane and hydrogen 
cannot be performed in Haldane's original apparatus, and 
consequently a modified form must be employed. 
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Percentage 
Carbon Monoxide 
in Ait. 

0*114 


o*o8 

0*02 








Experience has shown that the pnodifications necessary to 
the original Haldane apparatus can be readily can*ied out 
by local finns, and after a few preliminary attempts at 
niaiiipulation a complete examination of n mixture con¬ 
taining the constituents inentioued above may be completed 
111 three-quarters of an hour. 

The apparatus to be described has been in coiitiiuious 
operation for three yearSj and although niaiiipnlated by 
various assistants it has maintained its efficient condition 
with relatively little attention. 

The difference between the modified apparatus and that 
of Winmill (Trans Chem.Soc. 1914 105 1996) and Graham 
(J.S.C.I 1919. Vol. XXXVIII. lOT) is small and no claim to 
novelty is made 

We wish to make it quite clear that the type of mine 
air that can be analysed by the present apparatus contains 
a greater amount of carbon monoxide or other constituents ' 
to be determined, than 0*03 per cent. Such a percentage 
of carbon monoxide would be quite abnonnal in ordinary 
mine air, and if it is desired to deteniiine a percentage 
lower than 0-02 per cent, or to determine the carbon 
monoxide in a normal mine air a method similar to those 
described by J. Ivon Graham (J.S C.I. 1919. XXXVIII. loT) 
or one of us (Siiinatt. Analyst. April. 1913) must be adopted, 
which methods are examined later in this bulletin. 


Description of the Apparatus, 

The apparatus in its present fofin is shown in Fig. I, and 
in the description which follows of its manipulation the 
various laps to which leference is made are shown. 

It will be seen that the burette and compensating burette 
are those of the standard Haldane apparatus C and D are 
absorption pipettes and P a combustion tube, which arc 
standard on the nonnal Haldane apparatus. The pipettes 
A and Bi, the iodine pentoxide tube U and the absorption 
pipette F are added to the apparatus in the manner described 
by Winmill (Trans.Chem.Soc. 1914. 105-X996) 

Attached to the end of the main capillary on which aie 
taps Ti to T4 i.s the iodine pentoxide leaction lube U, the 
details of which will be made clear by the following Inief 
description • 
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The iodine pentoxicle is contained in a U tube, this latter 
l)Ciiig supported in a large boiling tnlie, the lower end of 
which is heated b}^ an electneal heater as descrilied by 
Gralmin J.S CI 1919 XXXVUI. loT). The boiling tube 
contains water at such a le\el that when boiling, the U 
tube IS siiriounded only with steam. 

By this arrangement a constant tcinperatnic is inaiu- 
taiiied m the iodine peiitoxide tube, and steam escaping is 
condensed 111 the water condenser and returned to the boil¬ 
ing tube. The pipette F contains caustic potash, and 
attached to this is a levelling tube R3. At right angles 
to the mail! tube is attached the combustion pipette P, 
which is the standard combustion pipette of the Haldane 
apparatus. 

Rcag-e 7 its 

The reagents used in the course of the anal^^sis are . 

40 per cent, potassium hydroxide contained in pipettes 
C and F. 

5 per cent, potassium hydroxide in pipette A 
10 per cent, fuming sulphuric acid m pipette Bi, 

A solution of alkaline pjTogallol in pipette D. This 
solution is made up from a solution of 30 guis of p3Togallol 
in 100 c c.s. of water, 20 c c s. of which are added to 90 c c s 
of 40 per cent potassium h^’-droxide in order to charge the 
pipette D. 

Preliminary Manipulation 

Before the sample for aiial^^sis is introduced it is necessaiy 
for the connecting capillary tubes to be filled with nitrogen 
and the levels of the liquids in the pipettes adjusted to set 
points whilst the gas in the compensating burette must be 
adjusted to atmospheric pressure 
In order to fill the apparatus with nitrogen, air is taken 
into the measuring burette B, and by manipulating taps 
T7, T3 and T6 the air is passed into the absorption lube 
D, by raising R. The air is allowed to remain in contact 
with the alkaline p^TOgallol solution for about five niiiiute.s, 
and is passed into each of the pipettes in succession in 
order to sweep the air from the capillary connections. 
Finalh* the mercury is raised to tap T7 and air is swept 
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out ol the iodine peutoxide tube and eventually* returned 
to the absorption tube D, where the oxygen present is 
icinovcd. The tap T5 is then closed, T7 is opened again 
and the nitiogeii is drawn from the absorption bulb D 
into 13 . The tap T6 is then turned to connect with absorp¬ 
tion pipette C This is swept with the nitrogen which is 
then returned to D. After the absorption of the oxygen the 
nitrogen is finally expelled from the burette B through 
the inlet tube vS. The levels of the liq[iiid in each pipette 
A, 13 , r and F should have been adjusted to marks ]ust 
below the coriespondiiig taps Ti, T2, T4 and T5. The 
connecting capillary tubes are now filled with nitiogen 

It IS not proposed to discuss the function of the coin- 
pensatiiig lube N, since this has been previously described 
by 1)1 Haldane {ibid). It is sufficient to state that at the 
coinnieiicemeiit of every analysis the tap T is turned so that 
connection is made between the compensating tube N, the 
tulic M and the atmosphere The level of the caustic potash 
solution in M is adjusted to H3 by raising or lowering 
Rq. The tap T is then turned to connect only M and N. 

The electrical heater EH is now adjusted and the liquid 
ill the boiling tube maintained at gentle ebullition for 30 
minutes in order to establish uniform tempeiature conditions 
in the iodine pentoxide tube At the end of this period the 
caustic potash 111 the absorption tube F is adjusted to the 
lieight Hi by opening tap T5 and carefully lowering R T5 
is then closed Finally connection with C through T6 and 
T3 is secured and the levels of the two liquids accurately 
adjusted to H3 by raising or lowering R and Ra. 

Tap T4 is closed and the apparatus is now ready for the 
reception of the sample. 


Inlfoducilon 0} the Sample jor Analysis 
The gas to be examined is admitted into the graduated 
pijietlc 13 through the side tube S 
It is possible that the sample will arrive in vaiious types 
of containers, and the exact method of manipulation 
picparatoiy to the admission of the gas will depend upon 
the foiiii of the container It should be insisted upon, 
whcicvei possililc, that the sampling lube should be of the 
accepted type of gas sampling lube of C3diiidrical fonn of 
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from 100 to 250 c.cs. capacity, aud closed at both ends by 
a well ground three-way tap. 

Assuming that this is the type of coiitaiuei the sampling 
tube is held lu a vertical position, one exit at the top being 
attached to the inlet tube of the graduated pipette, and one 
inlet at the lower end to a small reservoir of mercuiy, each 
by a short length of picssure tubing. 

The side tubes of the sampling tube being open to the 
air, they can be readily filled with meicury by manipulation 
of the taps, aud in the case of the end attached to the 
graduated burette by simultaneously raising R. 

After filling the connecting tubes the taps at either end 
of the sampling tube are rotated and a sample of the gas 
gradually drawn into B by lowering R, the mercury reservoir 
being adjusted at such a height as to prevent undue 
pressure. 

The graduations upon the long stem of the burette B 
read from 15 cc.s. to 21 ccs. It can be readily understood 
that if an insufiScient volume of sample is drawn into B, 
after the completion of the final oxygen absorption the 
amount of residual nitrogen will be such as to render 
impossible a direct reading of the gas volume on the 
graduated portion of B As a result it is advisable to take 
not less than iS or 19 ccs. as a sample 

The sample having been taken into B the tap T7 is closed, 
the reservoir R is adjusted so that the surfaces of the 
mercury lu B and R are as nearly as possible upon the 
same level The tap T7 is then rotated and connection made 
between B aud C through Ti, T2, T3 and T6. The water 
filling the water jacket round the measuring and compensat¬ 
ing tubes B and N is then agitated by blowing several 
bubbles of air through (this agitation of the water is 
necessary before each reading) and the level of the caustic 
soda adjusted to H3 by raising or lowering R and R2. 
Finally the volume of the sample in B is noted. This 
volume is V 

Method of Conducting the Analysis 

T^he coiistitiieuts aie deteniiined an the followinQ older . 

(1) Carbon dioxide 

(2) Uiisatiirated hydrocarbons. 

^3) Carbon monoxide. 
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(4) Combustible gases (methane and hydrogen). 

( 5 ) Oxygen. 

(6) Residuals—nitrogen. 

Carbon Dioxide 

The reservoir R is slowly raised and the gas forced iiitii 
C. It is allowed to remain for two minutes, removed by 
lowering R, and is again returned to C. Tl^is is repeated 
until no further diminution in volume is observed. The 
gas IS filially withdrawn into B and the levels of the caustic 
potash adjusted to H3 as before. The volume occupied by 
the gas in B is then noted. This volume is Vi. 

IJnsatiiiatcd Hydrocarbons 

The tap T6 is then closed and T2 opened and the gas 
forced into Bi by raising R. When the level of the mercury 
in B has reached Ty the latter is closed and the tap Ti 
turned to connect directly A and Bi. The gas is now 
slowly passed between Bi and A hy raising and lowering 
Ri. 

By this method of manipulation any acidic gases from 
the fuming sulphuric acid do not make contact with the 
mercury. 

This is recognised as a fruitful and tioublesome source 
of error and delay in any apparatus involving direct con¬ 
tact of the mercury in the buiette with any acid reagents. 

This feature of the determination must be emphasised, 
for it confers upon the method advantages over other 
forms of gas analysis appaiatus in that 

(a) Complete absorption of unsaturated hydrocaibons is 
secured. 

(b) The gas is freed from all tiaces of reagents and re¬ 
assumes its oiiginal aqueous tension. 

(c) Contamination of taps and the main caustic absoibent 
is avoided. 

After a tieatinent of about five iniimtes the gas is entiicly 
withdrawn from Bi into A, the level being adjusted at H4 
in Bi and the tap T2 is turned .so as to give a clear passage 
again. The gas is maintained in A for five minutes, at 
the end of which time any sulphur trioxidc withdiawn 
from Bi has been absorbed, and as the caustic is veiy 
dilute (5 pci cent.) the luoistme content of the gas is 
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Restored. Tlie tap Yi is tlien turned to connect A witli C 
and the gas withdrawn into C. The level of the caustic 
in A is adjusted at H and tap Ti turned to its original 
position. The gas is then withdrawn from C into B and 
the levels of the caustic adjusted to H3 Xhe volume of 
the gas in B is then noted This volume is V2. 


Carbon Monoxide 

Tap T6 IS then closed and T4 and T5 opened to connect 
the U tube contaaning iodine pentoxide with B R is 
slowly raised until the level of the mercury 1 caches tap 
T7 T7 is then closed and T6 opened to coiiiiect F with 
C; the gas is then passed and re-passed llirough U by 
raising and lowering R2 and R3 alternately. After ten 
passages the level of the caustic 111 F is adjusted to Hi and 
the^ apparatus allowed to achieve its normal temperature, 
which occupies about five minutes. After the lapse of tliis 
time the caustic is finally adjusted to the level Hi hy 
lowering Ra and the tap T5 closed The gas as then trans¬ 
ferred to B, the^ levels H3 adjusted and the volumes 111 B 
noted. Tap T4 is then closed. This volume is V3 


Combustible Gases 

T6 is closed and the tap T4 is now opened to connect tlie 
combustion tube P with B and the gas passed into P by 
combustion tube P contains a small platinnin 
coil electrically heated to a bright orange colour the 
current passing through the coil is adjustecl by a variable 
r^istance connected in series with the main supply. The 
IS raised and lowered very slowly and the ira.s 

tion of glowing coil until the coinbu.s- 

tion of hydrocarbons and hydrofi-en is t! • 

becoming dangerously hivh and 

combustion is deemed confniafB fi, fracture. After 

and the bulb P allowed to mnl ^ current Is switched off 
raised until the m^n«r I , nlmo.st cold R4 is 

beneath T4 and the lat^r ^rclosed^^+i”’^^^ 

to B T6 is now opened and tt ll’ ^ 

the rolume in B noted Tli^s Jolinm 
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Alter tlcteiuihuxUoii ol this volume the gas- is rctuiiied to 
the combustiou tube and the combustiou coutinued uutil no 
fuitlier contraction is obsei'ved. 

The gas in B is now passed into C in order to absorb 
any carbon dioxide produced during the combustion. The 
same proceduie is icpeated as in the first detenniiiation of 
carbon dioxide. After the levels have been adjusted to Ii3 
the volume is noted. This volume is V5. 

Oxygen 

The tap T6 is now turned to connect B with D and the 
gas passed into 1 ) It is allowed to remain in contact with 
the alkaline jiyiogallol foi five minutes and then removed. 
It is again passed into D and retained in contact with 
the pyiogallol lor a furthei two minutes or until the 
volume IS constant and again withdiawn into B. It is 
finally icturned to D and left for a further three iniinites 
and then withdrawn into B and the level of the liquid 
adjusted to by lowering The tap T6 is then closed 
and the levels of the inercuiy in R and B adjusted at the 
same height. This adjustment is necessary prepaiatoiy to 
opening T6 to C in order to avoid the suction of liquid in 
C into the capillary tubes above T6 Finally T6 is opened 
to C and the levels adjusted to H3 and the final volume 
read This volume is V6. The residual gas is nitrogen 
It must be clearly lecognised that during the combustiou 
of the gases in the combustion tube P a propoitioii of 
oxygen originally contained in the gas will have been 
requiied to bring about the oxidation of the hydrocarbons^ 
etc. Corrections must be introduced (i) by calculating the 
aniount of oxygen removed during the combustion or (2) 
tiy taking in a fresh sample of the original gas and can*5nng 
out only a determination of the peicentage of carbon dioxide 
and oxygen by exposing the gas only to the action of the 
alkaline pyrogallol. If this latter course is pursued the 
last determination of the scries resulting in the production 
of volume will he omitted ami the nitiogcn dcteimined by 
(Hn’ereuce. 


talmlahini 0} J^esuUs 

The volinnes which lia\c hucu noted duiing the analysis arc : 
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Volume V 
« Vi 

» V2 

» V3 

„ V4 

„ V5 

» V6 

Volume V is the volume of the original gas 

Volume V- Vi = carbon dioxide in the gas. 

Volume Vi-V2=uiisaturated hydrocarbons in the gas. 

The reaction between carbon monoxide and iodine peut- 
oxide results in a quantitative exchange of carbon dioxide for 
carbon monoxide, hence volume V2-V3 is the amount of 
carbon dioxide produced after the reaction, i.e, the amount of 
carbon monoxide in the original gas. 

The contraction m the gas after combustion is due to the 
production of water, partly by methane and its homologues, 
partly by hydrogen, and the contraction after the absorption 
of carbon dioxide produced by combustion is due to the 
carbon dioxide produced by the combustion of methane and 
its homologues, hence, assuming the combustible gases 
present to be merely methane and hydrogen, then V4-V5 
equals the volume of carbon dioxide produced by the com¬ 
bustion of methane, that is, equals the volume of methane 

The amount of water which is produced is equal to twice 
the volume of the original methane—hence the amount of 
water due to the combustion of the hydrogen=V3 - V4- 
2(V4“-V5), and the volume of hydrc^en in the original gas 
is two-thirds the residual amount of contraction. 

The volume V5-V6 gives the amount of oxygen remain¬ 
ing in the residual sample. As previously pointed out the 
amount of oxygen present in the original sample can be 
calculated from the percentages given for carbon dioxide and 
water above or they can be directly determined by the 
examination of another sample of the original gas. The 
percentage of carbon dioxide in the original gas being 
known, this subtracted from the oxygen as given by the 
fresh sample will enable the percentage of oxygen in the 
original gas sample to be calculated. 

The final volume, V6, gives the amount of nitrogen 
present in the original gas If it is not considered sufficient 
to assume that the methane is present alone, but may be 
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mixetl with ethane, then hydrogen mubt be removed first, 
which removal can be conveniently carried out by main¬ 
taining in the boiling tube alongside the iodine peutoxide 
tube a luither tube containing paladiuised asbestos This 
will picfcrentially remove the hydrogen at a temperature of 
100° C, leaving methane and ethane unoxidised, and this 
removal having been achieved the percentage of methane 
and ethane can be readily calculated from the analytical 
results showing the percentage of carbon dioxide and 
hydrogen produced on combustion. 

The following is a typical example of the results secured 
fioin an examination of a series of samples taken in a 
coal mine in the Lancashire coalfield in which a gob fire 
was in progress. 

These samples weie taken over a period of six weeks, and 
two were taken in the roadway and two from a hole m the 
lirick stopping. 

Sample A.—Taken in roadway—process of flooding gob 
fire just begun. 

Sample B—Taken at hole in brick stopping 
Sample C—Taken at hole in brick stopping 
Sample D—Taken in roadway. 

The anal^^tical results given by these gases are shown 
below * 


COa 

Sample A. 
Per cent 

Sample B. 
Per cent. 

Sample C 
Per cent 

Sample D. 
Per cent. 

0 10 

0-40 

0*34 

0 25 

Unsatiiratcd hydrocarbons 

0 05 

0 10 

0 09 

0*05 

CO 

O' 15 

O'15 

0*19 

005 

CH, .. . 

0’39 

0-64 

0-39 

044 


0-25 

ml 

trace 

ml. 

0. 

lS'2I 

iS-SS 

17*50 

18 72 

N (by dillciciice) 

8075 

79-83 

81'29 

80 49 


Wheie gases of the type enumerated under the heading 
{b} page 3, are to be examined the apparatus described 
by (h*aham'>‘ (J.vS.C.I. 1919. Vol. XXXVIII. loT) may be 
used. 

This appuiatus in its oiigiiial form is intended as a poit- 
uhle type, iivnihible foi use inulcrgiound loi the cxainiua- 

* Miuiufacluruil by ReyiioklH & Drunson (LeeJj.) 
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tioii o£ the ail of mines foi the piesencc of small percentages 
of carbon monoxide. 

The method oC detcinunation adopted is, i c , one in winch 
a known volume of the air to be examined is passed over 
heated iodine pcntoxidc, other gases including hydrocaibons 
of the ethylene and acetylene vscries which would intcifere 
with the leaction, having been previously lemovcd. 

The reaction tube containing the iodine i)entoxide is 
maintained between the temperatures of 90-160° C In the 
original apparatus this is achieved by iminei sing the tube 
ill oil at that temperature, tlie whole being contained in a 
Dewar (vacuum) flask. 

For laboratory work the Dewar flask may be discaidcd 
and the necessary temperature seemed by heating in a bath 
of molten paraflSn wax 

The reaction between the carbon monoxide and the iodine 
peutoxide results in a quantitative production of carbon 
dioxide and iodine according to the equation 
IA+5C0 = 5C0,+I, 

The iodine pioduced passes on 111 the sticani of air, is 
absorbed in a dilute solution of potassium iodide and is 

finally titrated with a solution of sodium thiosulphate 

In order to avoid error the air must be freed from all 
gases which are liable to adversely effect the iodine pent- 
oxide with the production of iodine, and this condition is 
secured by passing it through a purif3dng train consisting 
of a wash bottle containing a 10 per cent solution of 
bromine in potassium bromide, a furtliei wash bottle coii- 
taiuing caustic potash solution and a drying tube contain¬ 
ing calcium chlonde, powdered caustic potash and 
phosphorus peutoxide 

This tram of apparatus was de\usecl and used by Cxraliam 
in his work upon the carbon monoxide content of mine 
air, but as the result of an examination which has recently 
been carjned out by the writers (Fuel in vScience and 
Practice, December, 1933), and which will be described 
shortly", this method must be modified in one jiarticnlar 
This consists in the substitution of 10 per cent, fuming 
sulphuric acid for the bromine solution. 

During a series of experiments it was obseived that the 
amount of carbon monoxide present in tlie an was con- 
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siclerably higher than the accepted figuie for the aii of 
towns. The -possibility of biomine travelvsing the final 
potassium hydioxide wash bottle was examined and 
clmnuated by the addition o[ other wash bottles containing 
caustic potash. 

Despite these additions the abnoiinal indications weic 
still obscivcd 

Fresh reagents were employed and pure air passed thiougli 
the apparatus. The gradual vitiation of these new reagents 
and the increase in the apparent caibon monoxide content 
IS vShowii m the values quoted below. In the second column 
the percentage of carbon monoxide has been determined 


from the figures secured 

thiosulphate of the iodine 
consisted of 400 c.c.s. 

by the titration with (^) 
pioduccd. Fach sample of air 

.Sample No. 

I’ercenLage Carljon Monoxide 
corresponding to Iodine liberaled 

I 

nil. 

2 

nil. 

3 

.. less than O’0014 

4 

■ j) 0*0014 

5 

„ „ QO042 

6 

» IS 0-0056 

7 

„ „ o’ooaS 

8 

„ „ 0*0056 

y 

. . ,, 11 0 0049 


From these results it is clear that the absorption of the 
bromine vapour by the .sli oug solution of caUvStic pota.sli 
lesults in the foimatioii of some active volatile substance, 
\yhich at the temperature of the cxpeiimenl is capable of 
liberating iodine when brought into contact with iodine 
pentoxide. 

This possibility was more fully investigated by making 
a mixtuic of 5 gins, of piue biomiiic in 100 c.c.s. of 40 per 
cent, potassium hydioxide solution. This was placed in a 
small Drcsoliels wash bottle and interposed between the 
drying lube attached to the iodine pentoxide tube and a 
sampling bottle capalfie of delivciing a volume of 600 c.c.s. 
of air. The apparatus was so arranged that the air could 
be passed through the bromiuated potash and so over the 
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iodine peutoxide or imincdiately into the broininatcd potash 
and then over the iodine pentoxide 
A senes of expeninents was carried out under these con¬ 
ditions and the results are shown below. 

In experiment A the air avoided the brouiiiiated potash, 
and 111 experiment B the air was passed llrsL into the 
brominated potash and finally into the iodine iieiitoxide. 


Experiment No. 

1 A 
B 

2 A 
B 

3 A 
B 


Percentage Cnrljon Monoxide 
eiiuivalent to the Iodine Tuund 

... 00014 

0*0140 
. . 0*0014 
.. 0 0109 

... 0*0014 
. 0*0124 


Vol. of air in each experiment was 600 -cCvS 


The above results are a clear indication tlint utilising 
the accepted method of purification the presence of percclit- 
ages of carbon monoxide amounting to 0*0124 may be 
indicated, which amount may not actually be present in the 
air under examination 

This objectionable compound may be removed by an 
absorbent of tbe type of animal charcoal inserted at the 
end of the purifying train, but in order to avoid niiv 
possibility of exhaustion of the absorbent unknown to the 
operator, it appeared advisable to remove entirely any 
possibility of any en*or due to the action of broiiiiuc. 

Ten per cent fuming sulphuric acid was adopted as the 
most convenient absorbent for iinsaturated hydrocaibous, 
etc Exhaustive tests indicate that this reagent is efficient, 
and provided the gas is slowly bubbled through a solution 
hydroxide after exposure to the sulphuric acid 

nptr+n abnormal action upon the iodine 

pentoxide have been observed 

Th^e remains the third method under (c). page ^ to be 

monoxide may be Vesent 
or Zr 7 quantities or in very small amounts, 

determination is 

Under these circumstances it may be iiecessarv to 
jnth comparatively l^ge volumes of air; in particjlar when 
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the percentage of contamination is varying, and nn aveiage 
sample is essential. 

The method described below (Simiatt Analyst, April, 3913) 
has been used foi the estimation of caiboii monoxide in 


waste gases fiom gas-heated irons and the exhaust gases 
from a gas engine. 

The process involves the utilisation of iodine peiitoxidc 
as a reageut under conditions similar to those described on 
page 16 The gases before passing into the reaction chamber 
are purified by the elimination of such acid gases as siilplinr 
dioxide and sulphnietted hydrogen, and also fioiii 
unsaturated hydrocarbons. 

There are practical difficulties involved in the utilisation 
of the above reaction, especially if this lies in the direction 
of the estimation of the iodine produced. If any large 
percentage of carbon monoxide is present in the gas the 
resultant iodine is readily condensed in the leading tulics, 
and to complete the estimation this must be volatilised hy 
a steam of warm pure air, this requiring time and involving 
inaccuracies Thus a single determination may take five 
or seven hours. Normal air may contain as much as 0*0014 
per cent, of carbon monoxide, and air fiee from carbon 
monoxide is somewhat difficult to prepare 

Hence a method has been evolved which depends upon 
the collection of all the carbon dioxide produced after the 
carbon monoxide has been oxidised with iodine peiitoxicle 

The gas is collected in a dry flask which admits of the 
carbon dioxide present being determined by Pcttenkofci’s 
process. 


^ After purification the gas is passed into the tube A shown 
m the diagram (Fig. II) The leading tube A is sealed to 
the wider tube filled with iodine pentoxide and glass wool 
throughout its kugth, this enabling the gas to pass upwards 
through the iodine pentoxide 

The tube A is sealed to a small catch bulb C which 
raiitaius mercury, and the gas in passing through the 

ercury is freed from iodine. The sampling apparatus D 
has been described (Sinnatt. Analyst, 1913. 37 13) and s 


^^The following ,s a method of conducting a determina- 
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The capacity of the vessel E and the apparatus D is 
ascertained. The vessel E is then dried and connected to 
D. ^ The two vessels are then swept out with air from 
which the carbon dioxide has been removed; the taps F 
and G are then closed and the apparatus and flask evacuated 
by means of a water pump attached to the open tap G. The 
mercury is allowed to enter the main tube D and the 
final height of the mercury column read accurately”. 

From the knowledge of the original volume of E the 
volume of gas space available in the gas flask can now 
be calculated. 

The iodine pentoxide tube is then heated to the required 
temperature and connected to the source of gas to be 
examined. This is then aspirated through the iodine pent- 
oxide tube and the mercury wash bottle until both are 
filled with either the gas to be analysed or the oxidation 
products. This is only necessary at the beginning of each 
set of determinations. 

The evacuation flask and apparatus D are then connected 
to the mercury washing vessel C. The mercury is allowed 
to flow from the bottom of tube D at a suitable rate, that 
is, so that the gas enters the flask B at a rate of about 
one litre per hour. 

The experiment may be left without supervision until 
the whole of the mercury has run from the burette, but it 
is generally found more convenient to stop tlie experiment 
and read off the level of the mercury corrected for the 
pressure of the liquid in the washing bottles. The volume 
of gas which is passed into the gas vessel is thus readily 
calculated, whilst a slight diminished pressure still remains 
in the gas vessel. 

The tap H is now closed and the flask disconnected from 
the apparatus. A measured excess of standard barium 
hydroxide is run into a small cup, which is sealed into the 
top of the stopper of the flask, and the solution allowed 
to enter the flask as rapidly as possible 
After standing for some little time with occasional agita¬ 
tion the excess of bariUm hydroxide remaining in th^ flask is 

determined by titration with hydrochloric acid, using 

phenolphthalein as an indicator. 

The volume of carbon dioxide found is a direct measure 
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of the carbon monoxide in the volume of gas wlilcli has 
been drawn into the appamtiis. ^ 

The method of oxidation of the caibon inonoxiue in tlic 
gas may, if necessary, be altered in that a heated gliuss 
tube containing copper oxide and niaiiilaiued at a K'll heat 
may be substituted for the iodine pciitoxide. lliis niclhod 
yields results identical with those obtained using iodine 
pentoxide as the oxidising agent. 

The following results are quoted iii order to show the 
accuracy of the figure which may be sccuied : 


Percentage of CO 
in Gas 

3 '20 

0673 

0*041 

0*025 


Percentage of CO 
(Oxidising Agent 1 sOd)< 

2*07 
O'700 
0*040 
0*025 


Porcentngo of CO 
(OxullsiiigAgoiit 
Copper UxUIu), 

2*07 

0 -6S2 

0*041 

0*024 


Although the apparatus may appear somewhat com¬ 
plicated, it IS actually in manipulation vSiinplcr than that 
necessary in older to aspirate and measure a similar volume 
of gas with any degree of accuracy. 

There is no interference m the measuiement of the volume 
due to any constituents being soluble in the oonlaiiiing 
liquid. The experiments require little atleirtion during the 
actual passage of the gas. 

In order to carry out a series of experiinents all that is 
necessary on the completion of one is to attach a fresh gas 
flask which has been separately evacuated, and make the 
necessary connections. 

Any desired volume of gas can be drawn into the same 
flask, that is, the experiments may be disconiltntod foi any 
desired period of time and the sampling proceeded with at 
any pre-detennined point. It is essential, however, that 
some slight diminished pressure should be left in the 
flask at the end of the experiment. 


Pnntetf /oi Mess7s // J*\ &» G. Withi-^by by iht 
Notthumberland Pi ess LimiUd, X/'ewcasi/e-am-7yHe< 





The following bulletins were recently issued, Paper 
Wrapper, 2/- net 

XL A CONTREBUTION TO THE STUDY OF THE STONE DUSTING 
OF Mines, Part II; by F. S. Sinnatt, M.Sc. 

(Teck). and A. McCulloch, A.I.C. 

XII The Chbmicai, Composition op Iron Pyrites from 
C oAi,; by F. S. Sinnatt, M.B E., M.Sc. (Tech.), and 
N. Simpkin, M.Sc. (Tech.), A.I.C. 

aud tlie following are in preparation •— 

The Control of Coal Washing; by F. S. Sinnatt and 
C. G. Wood 

Thr Methods of Study of a Coal Seam; by F. S. 
Sinnatt 

Messrs. H. F. & G. Witberby will have pleasure in register¬ 
ing the names of those interested in forthcoming bulletins, 
and in notifying the issue of each as it occurs. 





^TRANSPrxRENT PREPARATIONS 
of COAL for MICROSCOPICAL 
INVESTIGATIONS 


By J. LOMAX, FG.S, AXS. 

AND 

J. R. LOMAX 


INDIAN INSTITUTE OF teOIi: 
Bant^alore, 


' r. \r 


_ Shelf. . 




Bulletin XIV 






TRANSPARENT PREPARATIONS 
of COAL for MICROSCOPICAL 
INVESTIGATIONS 


Ill an article in a recent issue of Fuel in Science and 
Practice,** a brief description was given of the method of 
preparing transparent sections of coal. In the present 
bulletin it is proposed to elaborate that article and) add 
one or two diagrams which, were not considered desirable 
in the above brief publication. 

The practical application of the knowledge obtained by 
the examination of thin preparations of sections of 
materials, is becoming of increasing interest commercially, 
but in the case of coal the interpretation of the observa¬ 
tions are of greater complexity than is associated with 
sections of rocks, etc. On this account the subject may be 
considered to be developing somewhat slowly, and, although 
the wnters have been engaged upon the work for over twenty 
years, few other experimeutors have entered the field of 
research up to the present. 

The reason for the scanty attention paid to the subject 
may, perhaps, be found in the difficulty associated with the 
actual preparation of the transparent slices, and it is pro¬ 
posed to describe this phase of the work in the present 
bulletin. 

The writers and their assistants are able to produce thin 
transparent preparations about 8 in. by 4 in. in size, and 
relatively large preparations from coal of a fragile nature 
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The technique required for these preparations is one 
which the writers have gradually developed, but associated 
with it is the necessity for considerable experience of the 
properties of different coals. 

Literature of the Subject 

D. White and R. Thiessen (The Origin of Coal, Bulletin 
38. U.S. Bureau of Mines. 1913) were among the first to 
give details of the method! of preparation of coal sections, 
but it would appear that Mr. E* T. Newton (assistant 
palaeontologist to the Geological Survey) was preparing 
coal sections about fifty years ago. The method of White 
and Thiessen is of considerable interest and the following 
is an abstract taken from their paper on the Origin of Coal. 
The abstract is given in detail in order that a proper 
comparison may be possible with the method to be described 
in this bulletin. It will be noticed that the size of their 
preparations appears to be limited to surfaces of about 
J in. by I in. 

Grinding of Large Sections (The Origin of Coal, Bulletin 38. 

U.S. Bureau of Mines. 1913) 

" Even under the most favourable conditions, it is 
impossible to obtain sections of coal of any considerable 
size with microtome. Larger sections are extremely 
valuable in order to obtain a general idea of the com¬ 
ponents and to determine the relationship and proportions 
of various lenses, laminations, and sublaminations. On 
the other hand, it is highly valuable to obtain sections, 
that are in their original condition, unchanged by any 
chemical action, to be compared with sections cut on the 
microtome from the same sample, that have undergone a 
preliminary chemical treatment. Large sections are, further¬ 
more, of value in getting a correct orientation of the smaller 
microtome sections. In any event, ground sections, when 
4 {Transparent Preparations of Coal 



tliey call be obtained thin enough are of greater value 
than microtome-cut sections. For photography, in partic¬ 
ular, they have been found far more desirable. Hence 
section grinding is justifiable, in spite of its slowness. It 
has not been found possible to grind sections from the 
lower grades of coal nor from the higher grades of coal 
that absorb water readily, although much time has been 
spent in the attempt. With proper facilities, however, this 
may be possible. With the higher grades, especially coal 
not subject to weathering or not absorbing water readily, 
sections can be ground to a fair degree of thinness. On 
account of the opaqueness of the material the sections have 
to be cut to a much greater thinness than is necessary in 
rock or fossil-wood sections made by the same methods; 
but this thin cutting becomes extremely difficult on account 
of the greater softness and friability of the material. 
Sections ground under the most favourable conditions to 
the greatest possible thinness are still too thick for very 
high magnification. Yet ground sections are far better than 
microtome sections of the same thinness 

" Carefully selected blocks are first carefully oriented and 
cut down to the required size; in most cases lo by 20 
millimetres is a convenient size for the surface and 10 
millimetres for the thickness of the block. The size of the 
section, of course, depends much on the purpose for which 
it is to be used. That surface from which the section is 
to be cut is ground to a plain surface and polished to such 
a fineness that abrasion marks are no longer discernible 
under the microscope with medium magnification. Vanous 
means may be resorted to for this end, but the best one 
has proved to be the use of a carborundum disk of the 
finest grade possible, revolving at a moderate speed- At 
first a gentle stream of water should play on the disk, but 
when the surface is reduced to a fair degree of smoothness 
the disk may be used completely dry, but then requires 
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great care. If necessary, the surface may then be bum- 
ishedl with a delicate chamois skin stretched on a rotating 
disk. The finest emery or carborundum dust has been 
found absolutely useless for this process. Although rouge 
gives a fairly good polish, yet fine particles of the rouge 
remain in the surface of the sample, where they are 
objectionable. 

''The polished surface is next cemented, preferably by 
means of Canada balsam of proper consistency, to a slide 
whose surface is a true plane. As thin coal sections cannot 
easily be transferred as is done with rock or fossil-wood 
sections, a slide on which a specimen is to remain should 
at once be selected for permanent use Natural paper- 
filtered Canada balsam has proved the best medium for 
fastening the block to the slide. The balsam should be 
hardened by being placed over a sand bath, or, better yet, 
on a triangular copper table 12 to 16 inches in length, with 
the gas flame under the smaller end and the vessel con¬ 
taining the balsam at a point where at first there is heat 
enough to drive off the volatile matter until the proper 
hardness is attained. The proper degree of hardness is not 
an easy matter to decide and must be learned from 
experience. Tentatively, this point is reached when a part 
of the balsam removed, as on a toothpick, and cooled has 
such a consistency that it cannot be indented^ with the 
thumb nail, but is not brittle enough to break easily. The 
correct degree of hardness of the Canada balsam is the 
most important pomt in this part of the process. When 
the correct consistency has once been reached the balsam 
is moved farther away from the flame to that point on the 
copper table where it will remain in the proper condition. 

"The slide and the block must be warmed to the same 
temperature as that of the Canada balsam. A small drop 
of balsam is applied to the slide and preferably another is 
put on the block, care bemg taken to have the balsam 
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free froim bubbles; the block is then carefully pressed to 
the slide as closely as possible. After having cooled, the 
specimen is ready to be ground. 

” The first part of the grinding is easily done on a 
lapidary’s wheel with any proper abrasive, such as emery 
or carborundum dust. When close down to the slide the 
finest abrasive possible must be used. Then the lapidary’s 
wheel and abrasive may best be replaced by a carborundum 
wheel such as is used for polishing, and on this ground 
down to the required thickness; it is best to use water 
constantly on the wheel, because if the wheel is used dry 
the balsam heats and the section buckles and blisters. 
This part of the operation should be done with the greatest 
care. If, after the section is tliin enough, further polish¬ 
ing of the surface is desired, it may be done with the 
chamois skin, as before. It is possible to grind sections 
as thin as about lo to 5 microns. For low or medium 
power microscopes 10 microns is thin enough, but for all 
high-power microscopic work 10 microns is altogether too 
thick. 

** Finally after having been dried thoroughly in the air, 
the specimen is covered with a thin cover glass over 
Canada balsam in the usual way, and is then ready for 
use. 

“ In the last stage of the grinding it may sometimes 
be advisable to stop the wheel and do the grinding by 
hand, by rubbing back and forth. Or a fine-grained 
whetstone such as a yellow Belgian hone, may be prefer¬ 
able to the lapidary’s wheel, especially when a particularly 
thin section is desired.’* 

G. Hickling (A Contribution to the Micro-Petrology of 
Coal, Trans.Inst^Miii Fng. Vol. Till. Part 3. Page 137) 
exhibits certain examples of photographs of micro sections, 
most of the sections for which were prepared by the authors. 

Of the other workers who have been engaged upon this 
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subject attention may be called to tbe paper by A. L. 
Booth on “ The B)conomic Selection of Coal ** (Iron & Steel 
Inst. September 21st. 1920) in which the author describes 
methods of selecting coal by the information obtained from 
the examination of thin sections. Incidentally this author 
includes in his paper 16 sections of coal and described each 
of them. The system of cutting sections used by Mr. Booth 
was probably very similar to the methods which the author 
has been using for many years, in view of the fact that he 
had every opportunity of becoming acquainted with the 
authors' methods. 

B. P. Rheim (Jour.Chem.Met.Min.Soc. S. Africa. 1922. 
XXII. pp. 117-T314) (18 figs.) describes the microscopical 
appearance of certain South African coals and states that 
the preparation and examination by means of the microscope 
of thin sections in a matter of some difEiculty. He has, 
therefore, developed a method by which polished surfaces 
of coal may be examined by reflected light. 

There appears to be no advantage gained by this latter 
method of treatment and the results are not so illumina¬ 
ting as those obtained by the examination of thin sections. 

Attention may be called to the work recently published 

Coal, Its Properties, Analysis, etc." by D. K. Moore 
(John Wyley & Sous) in which there is a careful descrip¬ 
tion of methods of preparation of thin slices of coal and 
the interpretation of the results obtained by their examina¬ 
tion. 

There is no intention of suggesting that these methods 
are not suitable for certain purposes, and the following 
is a brief account of the methods given in the above 
book 

The first method consists in treating the coal with some 
reagent, which will remove the main proportion of inorganic 
matter. The coal remaining is now treated with some 
softening agent. Reagents for this purpose are potassium 
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or sodium hydroxide either in aqueous or in alcoholic 
solution. 

Thiessen recommends the use of the alcoholic solution 
as it produces a shrinkage in the organic matter which 
counteracts the expansion due to the presence of the 
hydroxide. 

Other softening agents have been recommended as a 
means of obtaining the coal in such a form that sections 
may be cut by means of microtome. As pointed out in the 
early part of this bulletin, Thiessen has abandoned the 
use of the microtome and adopted the method of grinding. 

The disadvantages associated with the process in which 
the coal is treated with a reagent must be emphasised. 
It is clear that if the coal is treated with a reagent prior 
to the cutting of a thin section, certain constituents of it 
must have been eliminated. 

Perhaps the chief advantage associated with an examina¬ 
tion of thin sections of coal is that they provide a means 
by which a permanent photograph may be made of any 
special features of a specimen of coal. The removal of 
the inorganic constituents, of constituents soluble lu 
caustic potash, alcohol, phenol, etc., reagents which have 
been adopted for the softening of the coal substance, 
makes the photographic record incomplete. 

The microscopical appearance of the inorganic con¬ 
stituents forms one of the most important pieces of 
evidence provided by the microscopical examination and 
it is impossible to study the organic substance of the 
coal in its true perspective in the absence of the inorganic 
or other constituents. On this account it is not considered 
that the treatment of coal with a reagent prior to cutting 
of sections can be a correct method of procedure. 

In this bulletin it is not proposed to enter into the 
interpretation of the constituents made visible by photo¬ 
micrographs. 
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The structure of the constituents from which the coal 
was formed may frequently be identified, the form in which 
the pyrites occurs can also be recognized and speaking 
generally the microscopic! examination of well prepared 
thin sections constitutes one of the most valuable means 
for the investigation of the structure of coal seams. 

The preparation of transparent sections may be con¬ 
sidered under the following headings : 

1. The method of obtaining a sample. 

2. The position at which the section should be obtained, 

whether on the face or the end of the coal. 

3. The preparation of the mass of coal for cutting. 

4. The mounting of the pohshed block of coal upon a 

glass slip. 

5. Mounting the block of coal. 

6. Manipulation and preparation of the transparent 

section. 

7 Completion of the preparation of the section. 

Method of Obtaining a Sajnple 

It is the usual practice to obtain a pillar of coal repre¬ 
senting the whole of the seam. Such pillars of coal divide 
themselves naturally into a series of horizons. Frequently 
the height at which these natural fractures occur is too 
great for a complete section to be practicable. In view 
of this it is usual in the absence of natural partings to 
divide each of the blocks into a number of artificial 
horizons, so that each transparent section is approximately 
3 by 4 in. or 3 by 6 in. This, however, is not the limit of 
size as it is possible to cut slices as large as 4 by 8 in. 

'' Face and ^^ End » of Coal 

It is necessary to describe clearly the direction from which 
the coal was obtained from the seam. In the majority of 
instances there are three distinct directions in which the 
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lumps of coal may be split during working: along tie 
bedding planes, whicli are parallel to tlie floor and the 
roof; along the cleavage planes, the direction of which is 
at right angles to the dip of the seam; and across the 

end,*' which is nearly at right angles to the cleavage 
plane or ** face." 

The cleavage plane is usually most well defined when 
the seam dips at a steep angle, or when it has been under 
the influence of considerable earth-movement. Many of the 
cleavage faces are covered with a mineral deposit to which 
the name " ankerite " has been applied; this is calcium 
carbonate, in which a portion of the calaum has been 
replaced by some other metal. When the coal is being 
won, this deposit falls from the seam m large flakes, the 
coal usually breaking at one of the cleavage faces. At 
nght angles to this plane is the end " of the seam, where 
the coal breaks without assistance from a line of cleavage. 

When the bedding planes or dip of a seam are nearly 
horizontal, slight difierence will be noticed between the 
appearance of the face and the end. This difference is most 
pronounced with soft friable coals, in which planes are 
developed in the manner indicated in fig. 2. It is probable 
that most of the cleavage planes can be ascribed to the 
thrust and tilting of the strata owing to faulting, and in 
a minor degree to the construction or texture of the coal 
substance. Where tough bands or beds are present in the 
seam, the face is never so clearly defined as when the coal 
is soft or brittle. 

It will be understood from this description that if a 
section of coal for examination under the microscope is 
required from a block which contains a large number of 
cleavage planes, greater difficulty than usual will be 
experienced in preparing a section from the face," owing 
to flakes breaking away from the block of coal. If, how¬ 
ever, the preparation of the block previous to cutting a 
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section is confined to tte end,*’ the difl&culty arising 
from the coal breaking away largely disappears. For this 
reason, it is our usual practice to cut most of our slices 
from the end of the coal. If the coal has but few cleavage 
faces, and is consequently not liable to break into cubical 
fragments, there is but little difference in the manipula¬ 
tion required to prepare a section from the face or from 
the end. 

Preparmg Samples for Cutting 

It is exceptional to find a coal that is stiong enough and 
coherent enough in its natural state to withstand the 
mechanical manipulation, such as grinding and polishing, 
incidental to the production of thin slices. Most coals 
disintegrate under such treatment, and it is essential 
for the preparation of good sections that such disintegra¬ 
tion should be prevented. After much experiment it has 
been found that treatment of the blocks of coal with a 
binding solution, made by dissolving bleached or pale 
shellac m methyl alcohol, keeps them in a form compact 
enough to withstand the subsequent grinding and polish¬ 
ing. The solution is made of varying concentration accord¬ 
ing to the type of coal under examination, and has been 
found to act not only as an efficient binder but as a 
preventive against absorption of moisture by the more 
porous parts of the coal substance. The manner of applica¬ 
tion of the binding solution is largely a matter of 
expenence. 

As illustrating the necessity for this cementing treat¬ 
ment, two photographs are reproduced (Plate I). Fig. t 
is a photograph of the broken surface of a soft friable 
coal; numerous fine joints can be distinguished crossing 
one another at acute angles. By the intersection of 
these jomts small cubical pieces of coal are formed, the 
sides of which are slightly inclmed from the perpendicular, 
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and are nearly parallel to tlie vertical faces of the seam; 
the other sides of the cubes are parallel to the bedding 
plane of the coal. Obviously, when attempting to grind 
and polish such a surface, it is almost impossible to ensure 
that all the small cubes of coal shall remain in their places; 
one may protrude above the surrounding surface and become 
tom off during polishing, thus loosening the whole of the 
coal adjacent to it. 

Treatment of the coal with an alcoholic solution of 
shellac, however, produces within the interstitial spaces a 
thin adhesive layer which, when dry, bmds the block into 
a coherent mass. Fig. 2} is a photo-micrograph from a 
preparation of the coal illustrated in fig i. The cementing 
material is invisible, and it will be seen that all the 
particles of coal are held firmly in their proper positions. 
The introduction of the cementing material does not make 
any visible difference in the appearance of the section under 
the miscroscope, and does not therefore interfere with its 
examination. 

Difi&culties arising from the disintegration of the coal 
can thus be satisfactorily overcome. Another difficulty is 
caused by the presence of “ occluded gases. As is well 
known, most, if not all, coals contain within their sub¬ 
stance gases which are slowly evolved at ordinary tempera¬ 
tures so soon as the coal is exposed to the air. They are 
supposed to be present either in solid solution in the coal 
substance or under high pressure within minute pores or 
interstices in the coal. At all events their rate of evolution 
IS accelerated by heating the coal or by crushing it, and 
inasmuch as the operations necessary to prepare a coal 
section involve heating and crushing (i.e., grinding) the 
coal, gases would be continuously evolved unless a pre¬ 
liminary treatment can remove them. 

No doubt, if the coal were allowed to remain exposed 
to the air at ordinary temperatures durmg a sufficient 
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length of time, the bulk of the occluded gases Would 
depart; but is highly desirable that sections should be 
cut as soon as possible after the coal has been mined, 
lest changes, due to oxidation, for example, should occur 
in its characteristics. The evolution of gases, which would 
materially interfere with the preparation of good trans¬ 
parent sections, must therefore be countered; for, as will 
be described later, one stage of the preparation of a trans¬ 
parent section of coal involves the mounting of the block 
on a slip of glass, using as a mountant a material which 
at one stage of the proceedings is of the consistency of 
thin glue. If evolution of gases occurs after the block 
has been so mounted, and whilst the mountant is still 
viscous, innumerable small bubbles are produced between 
the slip of glass and the coal, and a satisfactory section 
cannot be produced. (See figs, i to 4, plate II.) 

The question of air bubbles in the mounted preparations 
Is of considerable importance and the illustrations in plate II 
(figs I and 2) are designed to exhibit the appearances of 
sections which have not been properly prepared. 

Fig, I (magnification 25 diameters) shows a section cut 
from a block of coal in which no precautions have been 
taken in the preparation of the coal. In the field seven or 
eight gas bubbles may be seen. This gas has been evolved 
from the coal during the mounting, by the action of the 
heat necessary to liquefy the mounting reagents previous 
to the glass slip being pressed on to the surface of the 
section. It is noteworthy that the air bubbles are extremely 
prominent on the lighter backgrounds. 

In fig. 2 (magnification. 15 diameters) the block of coal 
had been only partially prepared before mounting, and in 
this case only a rdatively few gas bubbles appear, whilst 
they are considerably smaller than those seen in fig. i. 

This photograph emphasizes one feature of the work, 
namely that not only is it important that the main volume 
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Plate II. 



Fas' 3 , Vertical sectioii Block perfectly prepared. Fip 4 Horizontal section. Block perfectly prepared. 







ol gas should be removed, but that practically the 'whole 
of it should have been eliminated from the coal before the 
section is finally covered. 

In figs. 3 and 4 (magnification 20 diameters) slices of coal 
cut from the same block are shown, all the precautions 
described in this bulletin having been observed. 

The most satisfactory method of dealing with the evolu¬ 
tion of gases is to maintain the block of coal from which 
the section is to be cut during several hours at a tempera¬ 
ture a few degrees higher than that to which the coal is 
likely to be subjected throughout the remaining operations. 
This preliminary heating also serves to remove all moisture 
from the coal, the presence of which would militate against 
satisfactory results being obtained. 

Briefly, then, the method of treating a block of coal, 
preparatory to mountmg it upon glass, is as follows : 
When the block of coal has been cut to the required size 
it is immersed in a bath contaimng a soluton of pale 
shellac in methyl alcohol. The block should be completely 
immersed so that when it is removed the surface is covered 
with a thin film of shellac. The surface from which it is 
proposed to prepare a section is now cut and is then 
ground perfectly flat and smooth. This grinding removes 
the layer of shellac, exposing a fresh surface of coal, and 
it IS therefore desirable during" the grinding to employ as 
little water as possible lest the fresh coal surface should 
absorb it. After cleaning the coal free from grinding 
materials, etc., by washing it in a stream of water, it is 
dried in a water-jacketed oven at a temperature a little less 
than the boiling point of water, and is maintained at that 
temperature during four or five hours. At the end of this 
period the block is placed, with the freshly-ground surface 
downwards, in a shallow dish containing shellac solution, 
so that a layer of about J in. thickness of the coal is 
immersed; it is then maintained at a temperature rather 
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lower tlian that used during the diyiug process, until the 
ground surface is saturated with shellac solution. 

The next stage in the proceedings, after the block of 
coal has cooled, is to obtain as perfectly polished a surface 
as possible, level and free from scratches. The surface 
that was ground flat is rubbedi upon a piece of plate glass, 
using carborundum powder as an abrasive; and the final 
polish is given with putty powder, using water as a 
lubricant. The surface is now ready for mounting on glass. 

Mounting on Glass 

After the block of coal from which it is desired to cut 
a section has undergone the preliminary treatment designed 
(a) to render it compact, and (b) to nd it of moisture and 
occluded gases, the next step is to mount the highly 
polished surface of the block on a slip of glass. 

A considerable number of difficulties are associated with 
this stage of the process of section-cutting. They arise 
chiefly from the fragility of coal. As an adhesive for hard 
rock or mineral specimens solid Canada balsam is usually 
employed, but this mountant is unsuitable for the prepara¬ 
tion of coal sections unless they are of quite small size. 
After a large number of experiments with various mixtures 
of balsams and resins, we have succeeded in obtaimng a 
material which satisfies the requirements for large sections, 
namely, that it should be hard and tough, not readily 
scratched, and capable of adhering firmly to both coal and 
glass; it should also be colourless. Such a material is 
obtained by mixing specially selected) pieces of copal gum, 
crushed to a fine powder, with liquid Canada balsam in 
the proportions of one to three. 

The mixture is prepared by heatmg the two gums slowly 
over a sandbath until a cooled sample exhibits a sufficient 
degree of hardness. Care "must be taken to avoid dis¬ 
coloration of the mixture during heating, by overheating, 
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since in addition to being discoloured tbe mixture will then 
be brittle. Tlie cooled mixture sbould be of such, a degree 
of liardness that no impression is made on it when it is 
scratched with the finger nail. 

The degree of hardness of the mixture can be modified, 
if required, by varymg the proportions of the two gums. 
Thus, the hardness is increased by increasing the propor¬ 
tion of gum copal; this also raises the melting point of the 
mixture, so that a higher temperature would be reqmrea 
to cause the mountant to spread over the glass slip pre¬ 
paratory to attaching the specimen. It has been found that, 
in general, the best temperature at which to maintain the 
mounting medium lies between no and 115 deg. Cent.; but 
occasionally it may be desirable to go outside this range 
of temperatures, in which event the most suitable pro¬ 
portions of gums must be found that will yield a mixture 
of the right consistency at the mounting temperature 
employed. 

The fact should be emphasised that in preparing coal- 
sections the block of coal itself should be subjected to as 
low a degree of heat as pos.sible during mounting, for the 
reason already mentioned that occluded gases may be 
evolved which may form such a number of bubbles in the 
mounting medium, between the glass slip and the coal sur¬ 
face, as to destroy the value of the section when it is 
completed. When mounting specimens of rock for the 
cutting of sections, it is usual to heat the specimen so that 
the hot mounting medium may make good contact with 
the polished face. The absence of occluded gases from 
rocks m any but negligible quantities renders such heat¬ 
ing of the specimen possible; and the heating is desu«ole, 
lest the contact between the face of the specimen and the 
glass slip hould be imperfect, for a cold surface placed in 
contact with the hot mounting medium cools the latter 
and causes a gre3dsh, non-adhesive film to form between 
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tlie two surfaces. During subsequent operations, for the 
production of a thin slice, the specimen would then peel 
of[ the glass. 

Herein lies the difficulty so far as the production of 
sections of coal is concerned; it is desirable to heat the 
specimen so as to ensure proper adhesion of the mounting 
medium, and yet, in the majority of instances, it is impera¬ 
tive that the specimen should be mounted in the cold, 
lest occluded gases should be evolved. It was not until 
the mode of procedure now to be described was developed 
that this difficulty was overcome. 

Heating the Glass Slips 

With a view to obtain as great evenness as possible in the 
mounting of the blocks of coal, the method of heating the 
glass slips should be chosen with care. A satisfactory 
method is as follows : A cast iron plate, 12 in. square, is 
supported about i in. above the flame of a straight 
Fletcher burner, which is not placed centrally beneath the 
plate, but is nearer to one side. The glass slips covered 
with the mountant can then be heated to a higher tempera¬ 
ture than is required to melt it, by placing them over the 
hotter parts of the plate, and then can afterwards be moved 
gradually towards the cooler part of the plate until the 
mountant cools to the proper consistency. 

Mounting the Block of Coal 

The temperature of the hot plate is raised to about 
150 deg. Cent, (maximum), and a glass slip of either 
ground or polished glass, of the required size and thick¬ 
ness, is laid on the hottest part of it. A piece of the 
mounting medium is rubbed over the hot surface of the 
glass until it is covered with a layer about in. thick. 
The glass slip is then drawn towards the cooler part of 
the plate- The block of coal on which the polished surface 
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h-aa been prepared in Ibe maniiet already described, is 
poUabed with, an exceedingly thin layer of shellac; then, 
]ust when the time for mounting it has arrived, the 
polished surface is covered with a thin film of oil of cloves, 
so as to form an amalgam between the mountant and block 
of coal. 

Wlien the glass slip coated with mountant has cooled to 
the right temperature, the polished surface of the block 
of coal is placed on it with an even pressure, expeditiously 
and yet without undue haste. On lifting the block of coal 
and examining the glass slip that is now adhering to it, 
a perfectly even black surface should be visible. If the 
surface appears uneven, or of light colour in patches, the 
coal must be pressed more firmly on the glass slip, which 
it may be necessary momentarily to heat again. This 
operation having been satisfactorily performed, the block 
of coal is placed, with the glass slip downwards, on a cold 
iron plate, which must be perfectly level. The transfer¬ 
ence to this cold plate should be made as quidcly as possible 
after the attachment of the glass slip, so as rapidly to with¬ 
draw heat from the coal, which must be allowed to remain 
under pressure until the glass is quite cold. 

Cutting the Section 

When cutting thin slices of ordinary rocks, a disk of copper 
or soft iron is generally used, either charged with diamond 
dust or fed with carborundum or emery powder. In order 
that such a lapidary’s cutting disk shall be ef&cient, the 
specimen to be cut must be harder than the material from 
which the disk is made, since its efficiency is dependent 
upon the pressing of the hard particles of the abrasive into 
the soft metal of the disk by the rock. When a sample 
of coal containing impurities, such as calcifce, ironstone, 
or pyrites, is to be cut, the disk may be employed; but 
ordinarily coal is so soft and of such a comparatively 
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spongy and cellular nature that the particles of abrasive 
are pressed into it by the comparatively hard metal of the 
disk. 

After many and long-continued experiments, I have 
come to the conclusion that the best method of cutting a 
thin slice from a block of coal is by means of a hack saw 
(see fig. I, plate III), using blades about ij in. wide and 15 in. 
long, with 10 teeth to the inch I find it preferable to 
sharpen the blades myself and to leave the face of each 
tooth square. By having the teeth cut in this way, and 
not set ** in the usual manner, the cutting effect on the 
coal is produced during the forward stroke of the blade 
only and there is no dragging action on either side of the 
blade. By these means thin slices can be cut quite close 
to the glass slip, a thickness of in. or less being usual 
(see fig. 2, plate III). As will be understood later, the thinner 
the slice that can be cut at this stage of the proceedings the 
greater will be the saving of time and labour during the 
more laborious operations of grinding the preparation to 
produce a transparency. 

During the cutting of the section with a hacksaw the block 
of coal requires to be held firmly in some form of vice, 
the jaws of which should exert an even pressure over the 
whole surface. 

The type of vice is shown in fig. i (plate III) It 
consists of a flat base board to which a rigid back is 
fixed at right angles : on the rigid back is an upright 
flange. A sliding block of wood is attached to the base 
board, the position of which can be altered by means of 
the small wheel shown in the picture. The whole is held 
in position by an ordinary vice. 

The slice of coal may be cut to any desired thickness 
by adjusting the base board to the required position The 
block of coal, prepared as already described, and mounted 
on the glass shp, is placed in the vice with the glass in 
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contact with, the upright and rigid back. The front of the 
vice is now screwed until the wooden block is pressing 
against the surface of the coal. 

The pressure exerted must be sufficient to secure the 
block of coal and prevent any movement during the back¬ 
ward! stroke of the saw used for cutting the coal. 

Fig. 2 shows a block of coal to which is attached a 
glass slip. The coal has been partially cut through and the 
position of the saw cut may be seen. The method of reduc¬ 
ing the thickness of the slice of coal and removing the 
excess of coal substance is by means of a horizontally 
revolving lap which is illustrated in fig. 3. 

Making the Transparency 

When the thin slice of coal, adhering to the glass slip, 
has been prepared, the next process consists of reducing 
the thickness of the shce until it becomes transparent. 
Of all the methods of doing this that we have tried, the 
only one that can be regarded as satisfactory is that of 
grinding away the coal on a revolving cast iron disk or 

lap,” fed with carborundum powder (see fig. 3, plate III)- 
A carborundum disk is not so efficient, since a hollow soon 
forms in the surface and sections of uneven thickness are 
thereby produced; with an iron lap this unevenness can 
be remedied by turning a fresh surface in the lathe. The 
lap we use is 12 in. in diameter andi i in. in thickness, and 
IS mounted on a vertical spindle so that the disk revolves 
in a horizontal plane within a shallow trough. Carbor¬ 
undum powder mixed with water is applied to the lap as 
it is revolving, and the coal section is held on the surface 
of the lap by hand. 

Two or more laps are used with different grades of 
carborundum powder; the first, or coarse, grinding when the 
preparation is still fairly thick; the second, with a finer 
powder, when the section is comparatively thin; and the 
For Microscopical Investigations'] 



third, with still Aner powder, when transparency is observ¬ 
able in parts of the section. Considerable skill and practice 
are required in the last stage of grinding on a lap; the 
least carelessness, or an ill-considered attempt to produce 
an especially thin section, may result in the whole of the 
slice being swept off the glass. 

When the specimen has been ground to the minimum 
thickness that it is advisable to attempt to obtain on a 
revolving lap, further reduction of the thickness of the 
specimen must be carried out carefully by hand. At first 
this is done by rubbing the specimen on a thick glass 
plate covered with the finest carborundum powder, until 
portions of the edges of the film of coal begin to wear away 
altogether; when this occurs, carborundum powder should 
no longer be employed, but other means of reducing the 
thickness of the transparency must be sought. 

By this time the specimen should have begun to exhibit 
distinctly the various bands and lammse in the coal, but 
the major portion of the constituents will still be too opaque 
for examination under the microscope. It is necessary, 
therefore, carefully to reduce the thickness of each portion 
of the section until the whole of it is translucent. This 
is done by mounting the glass slip to which the coal 
section is attached on a retouching desk, such as is used 
by photographers, and grinding away the surface of succes¬ 
sive portions of the section with stones similar to oil¬ 
stones. Stones of different shapes and sizes are required 
according to the character of the bands in the preparation, 
Especial care must be taken when dealing with hard bands 
(eg., durain bauds) that are lying between bauds of softer 
coal; such hard bands must be worked upon with a stone 
separately, without touching the softer material. 

In general, soft coals, such as those containing a high 
percentage of " volatile matter,*' are sufficiently translucent 
when the preparation is about 1/1500 in. thick; whereas 
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hard coals must be not much more than 1/2000 iu. iu 
thickness in order that their structure shall be visible. It 
will readily be understood that these last stages of the 
work are those requiring the greatest skill and experience 
on the part of the operator. 

Fmishtng the Preparation 

The completion of the preparation for preservation involves 
the smoothing away of any unevenness at the edges, the 
cutting of the glass slip to a standard size, and the cover¬ 
ing of the surface of the coal with some medium that will 
protect it from the atmosphere. 

We cut each slide to a uuifonn width of 3 in., and allow 
the length to vary according to the size of the block of 
coal from which the specimen was prepared. The edges 
of the glass slip are smoothed by grinding with a fine 
carborundum lap, and any superfluous adhesive material 
is removed with a sharp wood chisel. The preparation is 
then thoroughly washed with soap and water and dried. 

The best way to preserve the surface of the coal is to 
attach a thin cover glass to it. The largest preparations 
require a glass of No. 3 thickness, whilst for quite small 
specimens No. i thickness can be used. The cover glass 
should be cut to the required size and attached to the coal- 
section in the following manner. 

Hard Canada balsam is heated with a small quantity of 
benzene until it reaches a temperature of about no deg. 
Cent., when it is a thin fluidi. We now take the coal- 
sectio-n, which should be smeared over with oil of cloves, 
in order that the prepared balsam will readily flow over 
its surface, and pour sufficient of the balsam to form a 
thin film on its surface. The previously warmed cover 
glass is then put on the tliin film of balsam, pressed firmly 
and uniformly upon the coal section, all excess of balsam 
being carefully squeezed out. Any superfluous balsam can 
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be removed from around tbe edges of the cover glass with 
a heated knife, and the last traces can be cleaned away 
with benzene. 


From the above description it will be gathered that owing 
to the opaque nature of coal the sections must be much 
thinner than ordinary specimens of rock and that the 
technique employed! for coal sections is of an entirely 
different order from that used for rock sections. According 
to Hickling (vide ante) the thickness of coal sections would 
appear to vary from five to as little as one thousandth of 
a milhmetre, whilst ordinary rock sections vary between 
thirty and forty thousandths of a millimetre. The excessive 
thinness required for coal sections is one of the reasons why 
thin slices are so diJficult to prepare. A brief comparison 
of the method described above and that by White, Thiessen 
and Moore appears to indicate that it is necessary for 
the coal to be maintained in a compact form by means 
of a suitable medium, that the specimens should, as far as 
possible, be cut in a particular manner for certain types of 
coal, but that as a rule sections are best obtained from the 
end of the coal The suggestion that the sections may be 
cut by means of a microtome may now be dismissed as not 
being practicable. It is clear that the main essentials 
demanded from a transparent preparation of coal is that 
of uniformity and that uniformity of thickness may not be 
such an essential as uniformity of opacity. It is also clear 
from examples given above that the constituents of banded 
bituminous coal must attain a critical thinness in order 
that their various characteristics should be identifiable 
during a microscopical examination This latter part of the 
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